OURNAL OF 


ENGINEERING 
EDUCATION 


Articles 


Do You Know 


Iowa State College—A Campus Introduction 


Survey of Engineering Mechanics G. Wallace Smith 
Human Relations in Engineering B. von H. Gilmer and H. W. Karn 544 
On Teaching Design Chesley J. Posey 
Another Look at General Studies Weller Embler 
Mathematics Teacher in Engineering F. Virginia Rohde 
Sentence Length in Scientific Writing Harry F. Arader 560 


“Case Studies” in Materials Laboratory P. F. Brandenburg 563 


Volumetric Efficiency—Ambiguous Term R. P. Bobco and A. L. Gosman 


Departments 
Graphic Science: Analysis—Synthesis—Communication 
YET-itude: A Busman’s Holiday Harold A. Foecke 573 


Summer Schools—Construction Education 
Drawing and Graphic Science 570 


Humanistic-Social 


Teaching Positions Available 576 New Members 580 


Reports 


Mathematics in Engineering 585 
AIP Committee 592 


Role of Physics in Engineering Education 


(Complete Table of Contents on page 527) 


THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


MARCH, 1956 Vol. 46, No. 7 


‘ 
531 
591 
| 


BASIC THEORY IN ELECTRICAL 
ENGINEERING 


by ROYCE G. KLOEFFLER and EARL L. SITZ, 
both at Kansas State College 
Designed and tested as a text for the first course in electrical engineering, 
this book is completely up to date in technical coverage and includes 
a discussion of the latest theories of semi-conductors and ferromagnetism. 
230 illustrations complement the text. 


1955 SIF pages $5.50 


ANALYTICAL MECHANICS 


Third Edition 
by VIRGIL M. FAIRES, North Carolina State College, 
and S. D. CHAMBERS, Valparaiso University 
This text on applied mechanics covers force analysis of statically deter- 
minate structures with emphasis on the free-body method of analysis, 


centers of gravity, moments of inertia, kinematics and relative motion, 
unbalanced force system, work and energy, impulse and momentum. 


1952 540 pages $6.00 


ELECTRONICS AND ELECTRON DEVICES 


Third Edition of Fundamental Electronics and Vacuum Tubes 


by ARTHUR L. ALBERT, Oregon State College 


The author has revised and modernized the previous edition to contain 
chapters on solid state devices, including an extensive treatment of 
transistors, a chapter on wave shaping, and a chapter on magnetic 
amplifiers for use in electronic and control devices. 


To be published Spring 1956 


TECHNICAL DRAWING 


Third Edition 


by FREDERICK E. GIESECKE, Jate Consulting Engineer; 
ALVA MITCHELL, Professor Emeritus, Agricultural and Me. 
chanical College of Texas; and HENRY C. SPENCER, 
Illinois Institute of Technology 
Clarity and completeness in all fundamentals plus a wealth of practical 
information have made this book outstanding in the field of technical 
drawing. The third edition features a large number of new problems, 
a 900 new illustrations, and new material in almost every 


chapter. 
1949 851 pages $6.00 


Lhe Macmillan 


60 FIFTH AVENUE, NEW YORK 11 
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New 2nd edition... 


POWER PLANTS 


By 
Alexander H. Zerban 
United Aircraft Corporation 
and 


Edwin P. Nye 


The Pennsylvania State University 


This revision was designed to meet the increasing demand for a 
coordinated treatment of the mechanical engineering of all types of 
commercial power-generation equipment. The title (formerly Steam 
Power Plants) was changed in order to reflect this broader coverage. 
The emphasis throughout is on application of the fundamental principles 
of science to the art of power enginering. The power plant is viewed as 
a vehicle to present the theoretical principles of thermodynamics and 
heat transfer in a context of working reality. An outstanding text for 
courses requiring an integrated study of power plants and related topics 
on a level above that of mere catalogue description. Outstanding fea- 


tures: 
@ The treatment of internal combustion plants has been reoriented and expanded. 
e@ A new chapter on hydroelectric plants has been added. 
@ Anew chapter discussing the problems and likely role of nuclear power is included. 


@ Greater emphasis has been placed on economic considerations. 


@ Many new problems have been added, bringing the total to over 500. 


Ready in April $6.50 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton 9, Pennsylvania 
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FOR ENGINEERING 
Reinhold Boo STUDENTS 
Essential reading for every chemical engineer 


FLUID FLOW IN PRACTICE 


Edited by J. R. CADDELL, Engineering Research Laboratory, 
Experimental Station, E. I. DuPont de Nemours & Co. 


Presents the proceedings of the Third “Experience-in- 
Industry” Symposium, sponsored jointly by the Philadel- 
phia-Wilmington Section of the American Institute of 
Chemical Engineers and the University of Pennsylvania. 
Provides excellent papers related to fluid flow techniques 
in petroleum refining, including stationary and moving beds. 
Emphasis is placed on practical aspects and problems en- 
countered by chemical engineers in handling solids-fluids 
systems, with attention to fundamental mathematics 
involved. 


1956 126 pages $3.00 


Latest advances in theory—design—control— equipment 


FLUIDIZATION 


Edited by DONALD F. OTHMER, Head of the Dept. of Chemical 
Engineering, Polytechnic Institute of Brooklyn 


The only up-to-date book in its field, this new work pre- 
sents all of the papers of the recent symposium on fluidi- 
zation held at the Polytechnic Institute of Brooklyn 
under the auspices of the American Institute of Chemical 
Engineers. Fully describes the latest advances in theory 
and in practical applications involved in the use of finely 
divided solids as catalyst supports, and discusses the 
advantages and disadvantages of fluidized catalyst beds. 


1956 240 pages $7.00 


Brand new information by top engineers... 


DISTILLATION IN PRACTICE 


Edited by the late CHARLES H. NIELSEN, E. I. DuPont 
de Nemours & Co. 


This valuable new book is based on an “Experience-in- 
Industry” Symposium jointly sponsored by the Philadel- 
phia-Wilmington Section of the American Institute of 
Chemical Engineers and the University of Pennsylvania. 
Covers the evolution of distilling techniques, column de- 
sign, techniques of petroleum fractionation, instrumenta- 
tion, operation of distillation equipment, and commercial 
aspects of vacuum distillation. Contributors are among 
the country’s foremost industrial engineers. 


1956 134 pages $3.00 


SEND FOR ON-APPROVAL COPIES TODAY 
REINHOLD PUBLISHING CORP., Dept. M-906, 430 Park Ave., N.Y. 22, N.Y. 
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THE CHEMICAL PROCESS INDUSTRIES 


By R. NORRIS SHREVE, Purdue University. Second Edition. McGraw-Hill 
Chemical Engineering Series. 1016 pages, $11.50 (text edition available) 


A thorough revision of a highly popular chemical entineering text. Its aim is to 
present the processes used in the various chemical and allied industries, with the 
chapters arranged according to these various industries. The emphasis on flow 
sheets is one of its outstanding features, with new ones added and obsolete ones 
removed in this new edition. The object of the book is to give in one volume the 
modern chemical engineering way of looking at chemical and allied processes. 


CHEMICAL ENGINEERING KINETICS 
By J. M. SMITH, Purdue University. McGraw-Hill Series in Chemical Engi- 


neering. Ready for fall classes 


Here is the first book to combine applied kinetics and the engineering problems of 
reaction equipment design in a manner suitable for seniors or first year graduate 
students. It attempts to bring to students and practicing engineers the combination 
of kinetics and reactor design necessary to design, construct, and operate reaction 
equipment. In a different kind of engineering approach, the author introduces and 
emphasizes the engineering problems encountered in designing and operating 
reaction equipment. Numerical examples of all important principles are included. 


PRINCIPLES OF CHEMICAL ENGINEERING 
THERMODYNAMICS 


By E. D. WILSON, Worcester Polytechnic Institute, and H. Cc. RIES, Shell 
Development Company. McGraw-Hill Series in Chemical Engineering. 388 
pages, $7.50 
Written specifically for an undergraduate course in thermodynamics for chemical 
engineers, this book shows the student where and how the subject can be of use to 
him. Thermodynamics is presented as a tool and method of approach to the solu- 
tion of industrial problems. Fundamental principles are discussed first and then 
applied in the solutions of problems encountered in industry. 


UNIT OPERATIONS OF CHEMICAL ENGINEERING 


By WARREN L. McCABE, Polytechnic Institute of Brooklyn, and JULIAN 
SMITH, Cornell University. McGraw-Hill Series in Chemical Engineering. 
Ready for fall classes 


Covers the unit operations of chemical engineering from both a practical and a 
theoretical standpoint. It is designed for undergraduate students in the junior or 
senior year who have the usual training in mathematics, physics, and mechanics. 
Each unit operation is given separate treatment. The text also covers fluid 
mechanics, flow of heat, and mass transfer, each giving scientific and theoretical 
foundations for several operations. The treatment of such topics as measuring 
instruments, mass transfer and the treatment of solids is unique. Most of the 500 
figures were drawn especially for the text. A solutions manual will be available. 
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MATHEMATICAL THEORY OF ELASTICITY 


By IVAN S. SOKOLNIKOFF, University of California, Los Angeles. 488 
pages, $9.50 


A new second edition revised and expanded so that it will be of greater value to 
engineers, in addition to its continuing usefulness as a standard text and reference 
for mathematicians concerned with engineering problems of deformable bodies. 
A concise historical sketch provides an account of the growth of the subject. The 
mathematical apparatus for the treatment of the broad classes of problems is then 
developed, with a final chapter devoted to analytical and numerical methods of 
approximate solution of problems of elasticity by variational and related techniques. 


STRESSES IN AIRCRAFT AND SHELL STRUCTURE 


By PAUL KUHN, National Advisory Committee tor Aeronautics. McGraw-Hill] 
Publications in Aeronautical Science. 458 pages, $14.00 


A treatise devoted entirely to problems of stress-distribution analysis in stiffened- 
shell structures for practicing engineers in the field and a reference text for senior 
elective and graduate courses in the subject. Problems discussed include stresses 
due to bending of box beams, torsion with restrained warping, and stresses around 
cutouts. One chapter covers diagonal-tension webs. In the second part of the 
book are a large number of comparisons between tests and calculations aimed to 
promote more intelligent application of theory to practice. 


ENGINEERING MECHANICS 


By S. TIMOSHENKO and D. H. YOUNG, Stanford University. Third edition 
517 pages, $7.00 


Ideally suited to the undergraduate courses given in engineering schools, the re- 
vision of this outstanding text seeks, as before, to equip the student with a sound 
basic training in engineering mechanics and to acquaint him with as many general 
methods of attack as possible, illustrating the application of these methods to 
practical engineering problems. About 300 new problems of genuine interest are 
included with a high proportion of straight-forward problems that do not put an 
overemphasis on mere trigonometric or geometric ingenuity. The treatment is 
thorough and complete, and the arrangement is systematic. 


MACHINE DESIGN 
By JOSEPH E. SHIGLEY, Clemson Agricultural College. 542 pages, $7.75 


One of the most modern, forward-looking textbooks for Machine Design courses 
taken by mechanical engineers. It is intended as an aid in the teaching of creative 
machine design by placing a strong emphasis on synthesis. The development of 
the relations between the design specifications and the method of analysis or 
synthesis used in the solution presents an unusually scientific treatment and 
broadens the scope of machine design. Part I of the book constitutes a study of 
the design of fundamental machine members. Part II applies the principles 
developed in Part I to the study of various design approaches to a group of common 
machine elements. 
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NETWORK ANALYSIS 
By M. E. VAN VALKENBURG, University of Illinois 


Analyzing electric networks under 
both transient and _ sinusoidal 
steady-state conditions, this new 
text ranges from the development 
of circuit concepts to complex 
frequency. Highlights include the 
unification of time-domain and 
frequency-domain concepts by 


6” r 9” 


the use of the pole-zero method 
of analysis. This book provides 
the necessary background for ad- 
vanced studies in network theory, 
communications systems, servo- 
mechanisms, computers, and 
other subjects. 


440 pages November 1955 


ELECTRIC NETWORK SYNTHESIS 
By MYRIL B. REED, Michigan State University 


The electric networks considered 
in this new book, both in terms of 
analysis and synthesis, are only 
such as can be exhibited as com- 
binations of two-terminal net- 
works. These networks combine 
the well-known resistance, induct- 


6” g” 


ance, and capacitance elements. 
The author centers his discussion 
on four-terminal networks, which 
include transmission lines, ampli- 
fiers, filters, modulators, equal- 
izers, transistors, and oscillators. 


e 252 pages e« November 1955 


TRANSISTOR ELECTRONICS 


By ARTHUR W. LO; RICHARD O. ENDRES; JAKOB 
ZAWELS; FRED D. WALDHAUER; and CHUNG-CHIH 


CHENG 


This new treatise uses a simplified 
approach to its subject matter to 
give the reader a working knowl- 
edge of the transistor circuit and 
its applications. It contains a 


wealth of information on circuit 
55%" 834" 


In THE PRENTICE-HALL ELECTRICAL ENGINEERING SERIES 
W. L. Everitt, Editor 


techniques and practical applica- 
tions to facilitate design and de- 
velopment of working systems. 
It is intended both as an aca- 
demic text and as a reference 
book for the practicing engineer. 


521 pages September 1955 


ENGLEWOOD CLIFFS 
NEW JERSEY 
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New books you'll want to investigate... 


AUTOMATIC PROCESS CONTROL 
FOR CHEMICAL ENGINEERS 


By Norman H. Ceacuske, University of Minnesota. This is the first 
text to present and apply the basic mathematical principles of process 
control in an elementary form. It is written directly for the chemical 
engineering student—on the theory that he will not have a fully rounded 
knowledge of his future profession unless he is familiar with the funda- 
mentals of automatic control. Includes methods for calculating the 
dynamic response of processes. /956. 228 pages. College edition, $5.75. 


MOLECULAR FLOW OF GASES 


By G. N. Patterson, University of Toronto. .A new approach to fluid 
mechanics based on the molecular concept of a gas. Material extends 
from the mechanics of rarified gases to the relaxation and dissociation 
effects associated with strong shock waves. . This book lays a foundation 
for a modern understanding of high altitude research and design. Ready 
in May. Approx. 252 pages. Prob. $9.00. : 


LEGAL PROBLEMS IN ENGINEERING 


By Metvin Norv, Wayne University. .A logical treatment which 
clearly explains the various types of legal problems that arise in the 
engineering field. Although the author does not use the “casebook 
approach,” selected cases are used to illustrate principles: These cases 
are given in a condensed, uncomplicated form and presented as specific 
problems or issues to be solved. Coverage is broad, without sacrifice of 
rigor. Ready in April. Approx. 398 pages. Prob. $6.00. 


MODERN PHYSICS: A Textbook for Engineers 


By Ropert L. Sprout, Cornell University... Strictly analytical in 

_ approach, this text presents those parts of twentieth-century physics 

which are of the greatest significance in engineering—the only physics 

textbook written especially for engineering students. The author de- 

.scribes the modern physics of electrons, atoms;and nuclei and applies 

this data to contemporary engineering developments, such ‘as transistors 
and nuclear power reactors. 1956. 491 pages. $7.75. 


Send today for your examination copies 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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New books for classroom and reference use... . 


RESISTANCE OF MATERIALS 
Ath Edition 


By Frep B. Seety and James O. Smiru, both of the University of Illinois. 
Greater emphasis is given to the solution of real engineering problems in 
the fourth edition of this widely used text. Its traditional treatment, 
based on the assumption of elasticity, is now extended to include the 
effects of inelastic behavior on the strength of a member. There is also 
a more practical concept of safety of a member, and the use of interaction 
curves is introduced for solving problems involving combined loads. 
Ready in May. Approx. 480 pages. Prob. $6.50. 


THE THEORY AND TECHNIQUE OF SHIP DESIGN 


By Georce C. Mannino, The Massachusetts Institute of Technology. 
This is the only current book to give the techniques for solving problems 
arising in naval architecture. Commercial vessels are fully covered and 
special attention is accorded the technical, economic, and military con- 
siderations involved in determining the optimum form and size of ships 
for any given purpose. A TrcHNotocy Press Book. M.I.T. 1/956. 
278 pages. $10.00. 


POWER SYSTEM STABILITY 


Volume I11—Synchronous Machines 


By Epwarp Witson Kimsark, Seattle University. An up-to-date 
presentation of the theory of synchronous machines and their excitation 
systems, discussing such effects as saliency, damping, saturation, and 
high-speed excitation. Steady-state stability, which was briefly treated 
in Volume I, is also explained more fully in the present book. Ready in 
May. Approx. 344 pages. Prob. $10.50. 


ENGINEERING DRAWING AND GEOMETRY 


By Ranvotpu P. Hoetscuer and Currorp H. Sprincer, both of the 
University of Illinois. Drawing upon a total teaching experience of 
seventy years, plus many years of engineering practice, the authors of 
this new text have produced a work that combines the virtues of tradi- 
tional approaches and modern trends in engineering education. It covers 
both engineering drawing and engineering (descriptive) geometry, giv- 
ing continuity to the two courses and eliminating the need for two systems 
of nomenclature. /956. 520 pages. $8.00. 


Send today for your examination copies. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 


e vili JOUR. ENG. ED.—March 1956 
I 
N 
i 
OR 
| 
N 
M 


956 


-date 
ation 

and 
sated 
dy in 


of the 
ce of 
rs of 
rradi- 
overs 
giv- 
stems 


The Journal of ENGINEERING EDUCATION 


March, 1956 Table of Contents Vol 46, No 7 


Articles 

Do You Know 

Iowa StaTE CoLLEGE—A Campus INTRODUCTION 

SURVEY OF ENGINEERING MECHANICS G. Wallace Smith 
HuMAN RELATIONS IN ENGINEERING _ B. von H. Gilmer and H. W. Karn 
On TEacuinc Chesley J. Posey 
ANOTHER Look aT GENERAL STUDIES Weller Embler 
MATHEMATICS TEACHER IN ENGINEERING F. Virginia Rohde 
SENTENCE LENGTH IN SCIENTIFIC WRITING Harry F. Arader 
“Case Stupies” IN MATERIALS LABORATORY P. F. Brandenburg 


VOLUMETRIC EFFICIENCY—AMBIGUOUS TERM 


R. P. Bobco and A. L. Gosman 

Departments 
GraPHIC SCIENCE: ANALYSIS—SYNTHESIS—COMMUNICATION 
YET-1rrupE: A BusMan’s Harold A. Foecke 
SUMMER SCHOOLS—CONSTRUCTION EDUCATION 

DRAWING AND GRAPHIC SCIENCE 

HuMANISTIC-SOCIAL 
TEACHING PosiTIONS AVAILABLE 576 NEw MEMBERS 
Reports 
MATHEMATICS IN ENGINEERING 
RoLe oF Puysics IN ENGINEERING EDUCATION AIP Committee 
Notes 
LocaTIOn OF AMEs, lowa 530 Revised ASTE Data INpEx 
ELECTRON Microscope CourRSE 550 JOHN CLayTon Tracy 
“JETS” ror Hicu ScHoo.s 559 Oak INstITUTE 
Motion AND TIME Stupy 568 Section MEETINGS 
TORGERSEN HONORED 568 MEMBERSHIP APPLICATION 


573 


57° 
591 


585 
592 


572 


584 
606 
ix 
x 


527 JourNnat or ENGINEERING EpucaTIon, Marcu, 1956 


531 
nots. 
1s in 536 
lent, 544 
the 
also | 547 | 
‘tion 
551 
560 
| 
563 
logy. 
lems 
and 565 
con- 
ships 
1956. 
N.Y. 


DO YOU KNOW .... 


> ... That in October I stuck my 
neck out and said one of the aims of 
the Editor and myself was to get 
each issue of the Journal to you in 
the proper month? Well, there were 
unanticipated troubles! But the worst 
is over and by May and June we 
should be on schedule. The goal 
hasn't been changed but achieving it 
has been delayed. 


»& ... That two new standing com- 
mittees have been appointed by Pres- 
ident M. M. Boring as a result of the 
meeting of the Society Functions Com- 
mittee, conferences with members of 
the General Council, and nine months 
of experience as president? One is a 
“top level” Supervisory and Planning 
Committee. With Thorndike Saville 
as Chairman, this group includes A. 
B. Bronwell, L. E. Grinter, S. C. Hol- 
lister, B. R. Teare, Jr, and E. A. 
Walker as members. The purpose of 
the committee is to look ahead and 
assist the officers in making future 
plans for the Society, not to concern 
itself with present day and every day 
problems, but to do some “blue sky” 
thinking and planning. The appoint- 
ments are for two calendar years and 
the chairman is to report to the Gen- 
eral Council and Executive Board at 
Annual Meetings. 

The second new committee is the 
Policy Committee, whose function is 
to advise the President on all matters 
which he chooses to refer to it. The 
President of the Society is the Chair- 
man, and the Secretary of the Society 
is the Secretary of the Committee, 
without vote. This committee is 
made up of members of the General 


Council, half serving one year and the 
remainder two. 

You may ask about the need for 
these committees. The answer sim- 
ply is that questions and problems are 
coming up so fast and are so involved 
that the President and Secretary of 
the Society need course and guidance. 


»> ... That the increased pace of 
Society activities also is evidenced by 
the fact that four items needed to be 
submitted to the General Council for 
letter ballot in order to act rapidly 
and effectively—and in order to com- 
ply with the constitutional require- 
ment that the General Council estab- 
lishes policies? These actions will 
have to be affirmed at the June meet- 
ing of the General Council in order 
to have the decisions adequately en- 
tered in the records. Letter ballots 
also needed to be sent to the Execu- 
tive Board on three occasions. 


> ... That at the November meet- 
ing of the Executive Board, Vice Pres- 
ident F. C. Lindvall stressed the need 
for better communications with and 
between Sections and _ Divisions? 
The Board agreed that if Sections had 
liaison representation with Divisions 
it would be helpful, particularly with 
respect to the Relations With Industry 
and the Physics Divisions. The Phys- 
ics Division requested such liaison. 
Consequently each Section was asked 
to appoint a liaison member for the 
two Divisions mentioned. Liaison 
with Physics is important. If you 
have doubts, refer to p. 753 of the 
June, 1955, JouRNAL and to the “Role 
of Physics in Engineering” report on 
page 592 of this issue. 
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The interest of industry in engi- 
neering education, the successful series 
of College-Industry Conferences, and 
the increased activity of the Relations 
With Industry Division in undertak- 
ing local programs of cooperation be- 
tween industry and education also 
makes liaison with RWI important. 


> ... That at its November meet- 
ing the Executive Board voted to ap- 
prove a budget of $40,000 for the 
ECRC study of the Research Needs 
in the Engineering Sciences? Dr. H. 
K. Work, Vice President of the So- 
ciety, represents the Board in the 
solicitation of funds. The proposal 
has been prepared and submitted to 
the National Science Foundation for 
approval. | 


&> ... That ECRC will have two 
awards each year for outstanding re- 
search. One will be a gold medal 
(comparable to the Lamme Award) 
and the other $1000 in cash for 
a younger man (comparable to the 
Westinghouse Award)? The spon- 
sors are, respectively, Bendix Aviation 
Corporation and McGraw-Hill Book 
Company. The first award of the 
gold medal will be this year, but the 
first cash award will be presented in 


1957: 


> ... That the total amount of 
money requested by Division and 
Committee chairmen has now reached 
a total of over $1800? Because this 
amount is increasing so rapidly, be- 
cause some Divisions want to charge 
separate dues, and because Sections 
and Divisions are submitting so few 
papers for publication in the JouRNAL 
OF ENGINEERING EpucaTIoN, the Ex- 
ecutive Board requested Vice Pres- 
ident L. J. Lassalle to compile the 


pertinent data for all Divisional pub- 
lications and then refer the tabulation 
to the Publications Committee for 
recommendations. Some of the budg- 
ets and plans for publications imply 
competition with the JourNnaL. The 
Executive Board unanimously agreed 
that Divisional or Committee publica- 
tions must not interfere or compete 
with the JouRNAL. 


& ... That the Executive Board, 
at the November meeting, was in full 
agreement that payment of Divisional 
dues could not be a requirement for 
Society membership nor a _ require- 
ment for attendance at any meetings 
of the Society or of any of its Divi- 
sions? 


> ... That the YET Committee 
has requested that the sub-chairman 
for each Section (and a member of 
the national committee) be selected 
(elected or appointed) by the Sec- 
tion? The General Council at its 
November meeting voted that, start- 
ing with the year 1956-57, each Sec- 
tion select its own YET sub-chairman, 
informing the Secretary of the selec- 
tion as soon as possible after July 1 of 
each year. Section officers please 
take note and see that appropriate 
action is taken before July 1, 1956. 
The YET Committee is supposedly 
pressing its membership drive again 
this year; each institution should have 
a YET working on this, particularly in 
related areas such as physics, mathe- 
matics, and English. It your repre- 
sentative active? 


& ... That the Summer School for 
YETs at which pedagogical tech- 
niques were to be stressed is not 
materializing? At its College-Indus- 
try conference in Milwaukee, the 
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Steering Committee of the Relations 
With Industry Division voted. “That 
individual companies which were in- 
terested in such a program be ap- 
proached or, conversely, that com- 
panies interested contact President M. 
M. Boring.” The plan as proposed 
was for industry to employ the YETs 
for the summer, but release them to 
attend a four-week seminar, the nec- 
essary expenses being paid by the em- 
ployers. Only one “firm” commitment 
and one “possible interest” developed. 
The need for this type of training was 
recognized by all in attendance, but 
they believed such training was a col- 
lege problem and that undertaking 
the plan would impair the hard-won 
programs now in operation for em- 
ployment of college teachers. 


& ... That the third dues notices 
have gone out—about 1100 of them? 
That is about one out of every eight 
members! For all who don’t pay 
for 1955-1956 as a result of this 
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“dunning,” there will be no Journats 
after June. For those who now owe 
for two years, the penalty is being 
dropped from membership by the 


‘General Council in June, unless pay- 


ment is made by July 1. These are 
the provisions of the Constitution; see 
page 313 of the Yearbook. 


& ... That Engineers’ Council for 
Professional Development at its meet- 
ing in October took an action which 
is extremely gratifying to the Society, 
as follows: 


“Voted that Council commend the efforts 

of the ASEE Committee on Ethics in 
promoting the interest of engineering 
faculties in the subject of ethics and 
stimulating the teaching of ethics to 
engineering students.” 


This is a handsome endorsement of 


what Dean C. J. Freund and his com- | 


mittee are trying to do. 


W. LeEIcHTON COLLINs, 
Secretary 
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GET ACQUAINTED WITH 


IOWA STATE! 


In this issue, ASEE members and 
their families are given a preliminary 
view of Iowa State College’s lovely 
campus, and begin their physical 
orientation for the Annual Meeting. 
On the following pages are an aerial 
photograph of the central buildings at 
Ames, keyed to facing close-ups of the 
focal points from which Society ac- 
tivities will radiate. It is hoped that 
with this combination ASEE visitors 
will have at least a few points of ref- 
erence to find their way about and to 
recognize the starting blocks of their 
stay. 

These might well begin with the 
Memorial Union Building, the hub of 
Society activities, in the center just 
north of eastwest highway 30. The 
Union lies directly between the men’s 
residence halls (Friley-Hughes) two 
blocks to the west, and the women’s 
residence group, about the same dis- 
tance to the east, reserved for ASEE 
couples and families. 

If you're a single man you'll take 
up your quarters in Friley-Hughes 
Hall, the home of 1,420 male students 
when filled to capacity during the 
regular college year. Its 640 rooms 
make it one of the largest student 
dormitories in the nation. Actually, 
Friley-Hughes is a succession of build- 
ings, comfortably knit together into 
a harmonious structure which sprawls 
along more than two blocks of wind- 
ing campus road and busy highway. 
Hughes Hall was erected in 1927, 
the first section of Friley Hall in 1939. 
Additions to Friley were built in 1942, 
1951, and 1954, the final one serving 
to connect Friley and Hughes into 
the present mammoth structure. The 


combined hall bears the names of Dr. 
Raymond M. Hughes, president of 
Iowa State from 1927 to 1936, and Dr. 
Charles E. Friley, who guided the 
College from 1936 to 1953. 

Meals will be served cafeteria style 
in the hall’s west commons, seating 
336 persons, and in six private din- 
ing rooms which can be arranged for 
groups varying in size from 24 to 120. 
The dining areas which members of 
the ASEE will use are part of the 
most recent construction program, and 
practically all are air-conditioned. 

About four blocks east of Friley- 
Hughes Hall is the main group of 
women’s residence halls, which will 
provide quarters for ASEE couples 
and families. Of eight halls clustered 
around a courtyard and semi-circular 
drive, seven will be reserved for those 
attending the Annual Meeting. Five 
units will accommodate 330 couples, 
and two will house 130 families. The 
first of the women’s group was built 
in 1915, the last in 1940, and a large 
new unit is currently being con- 
structed to complete the plan. 

Midway between the men’s and 
women’s residence accommodations 
is the Memorial Union, which will 
serve as convention headquarters. 
The handsome limestone building 
was first occupied in 1928, but addi- 
tions in 1936, 1939, 1949, and 1953 
have greatly extended its size and 
usefulness. Still another expansion is 
planned within the next year. In the 
Union you'll find a spacious lobby, 
women’s lounge, men’s lounge, and a 
general television-watching lounge— 
all air-conditioned. 

The Union is very proud of its food 
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services, and offers attractive meals at 
moderate prices. The air-conditioned 
cafeteria and general commons room 
is a good place for breakfast, lunch- 
eon, or dinner, as well as an ideal spot 
for a cup of coffee and stimulating 
conversation between sessions. The 
air-conditioned Oak Room provides 
meals with table service. Some of the 
ASEE dinners and luncheons will be 
held in the Great Hall and South Ball- 
room of the Union. The many spe- 
cial meeting rooms will be scheduled 
for ASEE sessions throughout the 
convention. 

To supplement the lounging areas, 
the “active” recreational facilities of 
the building include fourteen bowling 
alleys, a table tennis room, and a bil- 
liard room, all air-conditioned. 

You'll be pleasantly surprised at 
Iowa State’s uncrowded, uncluttered 
campus. ‘Transcontinental Highway 
30 marks its southern edge, along the 
residence hall area, but nowhere does 
a main highway cut through the Col- 
lege grounds. The prairie was broad 
when the first quadrangle was laid 
out, and even today the 845 acres of 
main campus and recreation areas are 
not filled. 

Generally. speaking, the college 
buildings are grouped around a large 
open rectangle which forms the cen- 
tral campus. Along the west side of 
the rectangle are most of the engi- 
neering facilities. Agriculture oc- 
cupies the east side, with Home Eco- 
nomics, Science, and Veterinary Med- 
icine along the north. Men’s and 
women’s residence groups, the Memo- 
rial Union, and the atheletic stadium 
form the south border. 

As you stroll along pleasantly- 
shaded walks you'll hear the music 
of the Stanton Memorial Carillon. 
Housed in a 110-foot tower near the 
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center of the campus, undisturbed by 
echoes, it is considered among the 
best musical instruments of its kind. 
Each morning hymns are played by 


‘the carillonneur just before 8 o'clock. 


A program of college songs, classical 


music, and selections written espe- | 


cially for the carillon is played at 1 


o clock in the afternoon. Visitors may 
climb the tower to the room in which J 
the keyboard is located, and watch § 
the carillonneur during his programs. 4 


The first scientifically tuned chime 


of bells to leave Europe, the Iowa } 


State group was imported from the 


John Taylor and Company foundry in J 
Loughborough, England, and placed 


at Ames in 1899. A quarter of a cen- ¥ 


tury later, 26 more bells were ac- 


quired, changing the chime of ten J 


bells to a carillon of 36. This spring 
another thirteen bells are to be added. 

Perhaps youll also want to in- 
vestigate the College Library, which 
has placed special emphasis on the 
development of complete scientific 
and technical journal files for both 
basic and applied fields in the phys- 
ical and biological sciences. The 
Library's holdings in these areas rank 
favorably with other important re- 
search collections of this country. 
As of June, 1955, the collections num- 
bered 451,444 accessioned volumes of 
books; 8,311 serials, including 2,732 
journals, are currently received. 

Most of the library services are con- 
centrated in the main Library Build- 
ing to the west center of the campus, 
but special collections are maintained 
for engineering, architecture, econom- 
ics and sociology, and animal hus- 
bandry. Each of these is located con- 
veniently to serve the staff and stu- 
dents concerned. 

In addition to ‘the engineering 
buildings, the facilities for home 
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economics and agriculture deserve Atomic Research head the list of in- 
visits on the main campus. Beyond _ teresting technical possibilities for ex- 
these, the Experiment Station, the ploration. Resources nearby for both 
Ames Laboratory of the Atomic En- entertainment and exercise are avail- 
ergy Commission, and the Institute for able as well. Those who exhaust 


golf course; 


Right—A cafeteria scene in the men’s resi- 


dence halls. 


Above—A fairway of the Iowa State College 


these early, however, are invited to 
visit (either for a stroll or for a few 
hours to play a round or two) the 
College golf course at the north- 
west corner of the campus. Rated 
as one of the best in the Midwest, 
the opening holes of the course can 
be seen at the upper left of the 
aerial scene. 
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Remember — Reservation to Room 


ASEE 64th ANNUAL MEETING 


June 25-29 


110 Marston Hall, Ames, Iowa 
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SURVEY OF INSTRUCTION 
IN ENGINEERING MECHANICS 


G. WALLACE SMITH 


Head, Department of Engineering Mechanics 


North Carolina State College, Raleigh 


Presented at Annual Meeting of ASEE 


Mechanics Division, The Pennsylvania State University 


All degree curricula in engineer- 
ing usually require that an under- 
standing be acquired of: (1) the 
types of motion that occur in solid or 
fluid bodies; (2) the forces that act 
upon or affect the motion, equilibrium, 
and stability of the materials used in 
engineering construction, design, or 
field operations; (3) the basic laws 
that govern the proportioning and se- 
lection of materials to resist effec- 
tively the action of forces or utilize 
forces to best advantage. 

The courses generally included in 
engineering mechanics for an under- 
graduate curriculum are divided into 
four major topics, and are intended 
to integrate and amplify the ideas 
developed in earlier mathematics and 
physics courses. These topics are: 
statics, dynamics, fluid mechanics, and 
strength of materials, with fluid me- 
chanics and materials testing labora- 
tories. Each of these topics places em- 
phasis on the development and theory 
of the basic concepts that an under- 
graduate student should acquire for 
further use in his particular curric- 
ulum. The courses of engineering 
mechanics have as an additional ob- 
jective the development of analytical 
skills and insights required in the 
solution of engineering problems. 
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Although these subjects are gener- 
ally considered to be fundamental, the 
extent to which they are included 
in the several engineering curricula 
seems to vary. Even a single subject, 
such as statics or dynamics, would be 
presented with a different degree of 
emphasis for different curricula in the 
same school. This variance of sub- 
ject material and time allotted for its 
presentation was so interesting that 
a study was made to try to find the 
degree to which the engineering me- 
chanics courses were included in the 
various curricula of a large number of 
schools that are recognized by the 
Engineers’ Council for Professional 
Development. 

The data used in this study were 
obtained by examining the curricula 
of the engineering schools as given in 
their catalogs for the session 1953- 
1954. The fourteen curricula selected 
for this study were those most gen- 
erally offered and accredited by the 
ECPD. All of the data obtained were 
tabulated and then sent to the respec- 
tive engineering schools with a re- 
quest that they check the accuracy 
and supply any additional informa- 
tion then available. 

Information was finally obtained 
from 122 schools for a total of 746 
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curricula, varying from very large to 
comparatively small enrollments. In 
some schools there were many differ- 
ent curricula, in others there were 
only a few, and in three schools only 
one. Some of the schools were on 
the standard four-year plan, some on 
a five-year plan, and others were fol- 
lowing cooperative plan. Because 
most of the schools were on the se- 
mester system, the data given for the 
term system were adjusted to the 
equivalent time of the semester sys- 
tem. 

The data as assembled were useful 
in making a number of analyses, but 
it was decided to restrict the results 
of this study to the summaries given 
in Tables I through III. 

No attempt has been made to form 
any conclusions from this study. The 
prime motive has been to present the 
facts so that any school or curriculum 
could compare its mechanics require- 
ments with those generally indicated 
in this article. Each reader may form 
conclusions, which may vary widely 
to fit the particular interests or needs 
of a school, curriculum, or location. 

Making the study has been interest- 
ing, however, and it is hoped that the 
results will be informative and useful 
to others as well. 


General Information 


The electrical engineering curric- 
ulum is used as an example to explain 
the general information given in 
Table I. 

a. 115 of the 122 schools studied 
offered a degree in Electrical Engi- 
neering, 113 of which were accredited 
by the ECPD; 88 of these schools 
were on the semester system. 

b. This curriculum indicated that 
statics was most frequently scheduled 
in the second year, second semester, 
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after there had been scheduled an 
average of 5.32 semester hours of cal- 
culus and 5.85 semester hours of phys- 
ics. The average has been mentioned 
here, but the table also indicates the 
extremes. Averages will be indicated 
hereafter, but the extremes can always 
be found in the table. 

c. All of the schools scheduled stat- 
ics, with an average semester require- 
ment of 2.74 semester hours. 

d. 114, or all but one of the schools, 
scheduled dynamics with an average 
requirement of 2.72 semester hours. 
Sixteen of these schools, however, 
scheduled a one-semester course to 
include both statics and dynamics, 
with an average requirement of 4.12 
semester hours. 

€. 113, or all but two of the schools, 
scheduled strength of materials, with 
an average requirement of 3.27 semes- 
ter-hours. Of these schools, 20 re- 
quired a laboratory course as part 
of the semester-hour credit, and 51 
schools gave a separate materials test- 
ing course with additional semester- 
hour credits. 

f. 74 schools scheduled fluid me- 
chanics, with an average requirement 
of 3.00 semester hours, and 30 of these 
schools included a laboratory with 
the course. 

. The average number of semester 
hours scheduled for all mechanics 
courses was 11.27 hours, or 7.62 per 
cent of the total semester hours re- 
quired in an average electrical engi- 
neering curriculum. 

The information furnished in Table 
I is quantitative; that is, it gives the 
amount of time scheduled or allotted 
to the respective mechanics subjects 
in relation to other topics and the 
total curriculum. Some phases of the 
mechanics courses cannot be put in 
tabular form, such as the quality of 
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instruction and the emphasis placed 
on various topics under a particular 
subject. Also, the exact amount of 
material covered in each course was 
difficult to determine from the brief 
descriptions given in the catalogs. 
However, certain additional informa- 
tion was available on the general re- 
quests for these subjects among the 
various curricula of the same school, 
and the relative type of course in de- 
mand. 


Intensity of Courses 


Table II has been assembled to in- 
dicate the relative intensity of me- 
chanics courses in each curriculum. 
The following criteria were used for 
classifying the data. When “type” is 
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referred to in the following explana- 
tion, the kind, intensity, or quality of 
course is in question. 

1. When only one type of the same 


- subject is offered by the school, it is 


classified as the strongest. 

2. When more than one type of the 
same subject is offered by the school 
and all requires the same amount of 
time, each is considered to be as 
strong as the other. 

3. When more than one type of the 
same subject is offered by the school 
and one type requires more or longer 
instruction, that type is considered 
the strongest, and the other types are 
tabulated as condensed courses. 

4. This table also indicates the 
number of schools that do not require 


TABLE II 
SUMMARY OF RELATIVE INTENSITY OF MECHANICS CoursEs IN EACH CURRICULA 

| 
Statice | Dynamics | amechanics 

| 
Curricula z E 
‘Aeronautical Engineering | | 43] 3| 0| 42| 4] 0 | 33| 3| 10] 21| 12] 13 

"Agricultural Engineering 24 o 2] 3| 23| 9| 0 | 17| 10] 24] 3 

"Architectural Engineering 24/ 1| 0 | 12| 12] 22] 3] 0 | 20| 2] 3] 3] o| 22 
Ceramic Engineering 10}; 4; 0 6 7| 0 8 4 OT 
Chemical Engineering 73} 21 | 0 28| 19 | 47 | SO} 42} 2 22| 8 | 64 2) 90 
"Civil Engineering 114] 4] 0 |108} 7] 3|116| 2] 0 /118] 1] 0 
Electrical Engineering 98| 17 O |100} 15 141 43) 33 | 
Physics 16{ 2| 0 | 12| 2| 4] 8] 6] 4] afar 3] 1] 14 
Geological Engineering 4/0] 7| 6| 9| 4] of 44| a2] 2. 
Industrial Engineering 53 0 49| 8 st Gi 34) 41] 22) 18] 15 | 27 
Mechanical Engineering 108} 8] O {110} 6 0 12) 0 91 9116] 87) 23 6 
"Metallurgical Engineering 33110 | 0 | 20] 10| 13 | 20| 22| 1 | 23| |1s| 6| 3| 34 
Mining Engineering 231 510] 17] 6| s| 15|13| 0 | 13} 2113] 17] 6] 5 
Petroleum Engineering a7 21 13 2 4 6 1 10 4 2 
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some of the mechanics courses in the 
respective curricula. 

Numerous schools, both with large 
and small student enrollments, offer 
only one type of some subjects, and 
some even offer only one type of each 


b. 55 curricula offer statics and dy- 
namics in one course, and no other 
courses include these subjects. 

c. 59 curricula offer statics and dy- 
namics in one course, in addition to 
stronger courses offered for these sub- 


ype of the | mechanics course. Other schools of- ree 
he school | fer varied types of courses for each abi ; 
mount of subject. d. 31 curricula offer a condensed or 
to be as shorter course. 
Distribution of Courses e. 109 curricula do not require dy- 
ype of the Table III has been assembled to namics. 
he school indicate the distribution of mechanics f. 85 schools have one type of dy- 
or longer courses in schools and curricula. Us- namics course; 32 schools have two 
onsidered ing dynamics as an illustration, this types of dynamics courses. 
es are 
yp table shows: g. 415 curricula have one type of 
ae iis a. 492 curricula have the strongest dynamics course; 181 curricula have 
ot require | Curse. two types of dynamics courses. 
TABLE III 
¥ SUMMARY OF THE DISTRIBUTION OF MECHANICS COURSES IN SCHOOLS 
one AND CURRICULA BY SUBJECTS 
Fluid. Number of Curricula Having 
Mechanics Schools Curricula 
Having Having 
i=] 
wo) ole See 
g 53 | 28 Type Type 
= 
21} 12 | 13 lonty| Also| 8s Courses in Courses in 
24| 3| 5 
Statics 599 55 59 33 — |746| — | 90] 28] 4 | —]538)170} 38 | — 
Of} 22 
Dynamics 492 | 55 | 59 | 31 | 109 |746| — |85| 32] 4 | 1 |415|181| 35 | 6 
o| o| 12 
Strength of Materials 538 193 15 | 746] 103 | 67 | 55 | — | — | 377} 354) — | — 
2 2 | 90 
Materials Testing 378 50 | 318 | 746} 428 | 82} 25|—j| 1 |314]107| — | 7 
117 1 0 
Fluid Mechanics 396 76 | 274 |746| 237 | 74| 39| 8 | —|274|161| 37 | — 
43 | 33 | 39 
3 1 | 14 
12| 4 2 
18] 15 | 27 
87 | 23 6 
6| 3| 
6 5 
13 4 2 


HUMAN RELATIONS IN 
THE ENGINEERING CURRICULUM 


B. VON HALLER GILMER and HARRY W. KARN 


We hear much these days about the 
pros and cons of “human relations 
training in industry” and as to “how 
our evolving technology is impelling 
the engineer, whether he wants to or 
not, to go in the direction of having 
to assume an executive role in Amer- 
ican industry.” If it is so vital to engi- 
neering-executive development, where 
can human relations training find a 
place in the undergraduate picture? 

Those of us teaching non-technical 
subjects in engineering are faced with 
the problem of designing courses best 
suited to the needs of the engineer. 
In this article we wish to describe a 
basic psychology course, with empha- 
sis on human relations, designed spe- 
cifically to fit within the humanistic- 
social stem of the engineering cur- 
riculum at the Carnegie Institute of 
Technology. 

Why a course in psychology for en- 
gineersP There are two cogent rea- 
sons. First, a majority of the grad- 
uates of engineering schools find 
themselves in positions of an adminis- 
trative, supervisory, or executive char- 
acter within a few years after gradua- 
tion. There is no reason to expect 
any change on this score. Indeed, 
most engineering students do not 
want a change, if for no other reason 
than the fact that financial remunera- 
tion is highest among positions of this 
nature. Second, business and indus- 
try have to date been unable to solve 


Department of Psychology 
Carnegie Institute of Technology 
Pittsburgh, Pennsylvania 


many of their personnel problems. 
Apparently the psychological know- 
how necessary is at present lacking or 
at least is not being put into practice. 
Since many of the most pressing prob- 
lems confronting the supervisor, ad- 
ministrator, and executive involve per- 
sonnel relations, it is reasonable to 
equip the student in training for such 
jobs with all the psychological tools 
that will aid in the understanding of 


human relations situations. 


How best a course in psychology . 


for engineersP Proceeding on the as- 
sumption that engineers need a sep- 
arate course in psychology, the prob- 
lem might appear to be solved by sim- 
ply requiring all students to take such 
a course sometime during their train- 
ing. The solution is not so simple in 
view of the experience at Carnegie 
with the conventional psychology 
course. By “conventional” is meant 
the use of a standard psychology text 
and the presentation of illustrative 
and explanatory material through lec- 
tures and experimental demonstra- 
tions by the instructor. 

This so-called conventional method, 
with its emphasis upon textbook con- 
tent, has proven somewhat sterile. 
The typical engineering student shows 
little evidence of being able to adapt 
his textbook psychology to realistic 
problems of the type he will en- 
counter in professional life. He does 
well enough on objective content 
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HUMAN RELATIONS IN THE ENGINEERING CURRICULUM 


examinations and pays lip service to 
scientific psychology. When required 
to analyze a human relations problem 
and formulate a sound solution, how- 
ever, it never occurs to him that his 
psychology has any relation, or else 
he states that an answer is impossible 
until an experiment can be conducted. 

One student remarked that industry 
should cease operation for two years 
so that psychologists might conduct 
enough experiments to settle indus- 
trys human relations problems sci- 
entifically. A good point theoretically 
perhaps, but not a very practical one; 
and even then, the problem would 
still be one of using psychological 
findings as an aid to judgment, not 
as a substitute for it. In short, what 
the student fails to acquire from con- 
ventional courses is an interest in and 
ability to use psychological aids. 

It has been suggested, therefore, 
that engineering students, and indeed 
all non-psychology majors, be taught 
a course in applied psychology instead 
of the regular introductory course. 
This does not appear to be a very sat- 
isfactory approach either. Leaping 
directly into applied psychology seems 
to create the impression that psycho- 
logy is just a system of tricks, some 
clever scheme for getting people to 
do what they ordinarily do not want 
todo. Students feel that they are in 
a position to “use” psychology in the 
sense that the high pressure salesman 
and unscrupulous politician “uses” it, 
failing to appreciate that such persons 
no more “use” psychology than the 
boy who kicks a football “uses” phys- 
ics. These observations point to the 
conclusion that what is needed is 
not a course in applied psychology, 
but instead a course in appliable 
psychology. 

In an attempt to resolve the 
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difficulties of both conventional and 
applied approaches, we have devel- 
oped a three-credit, one-semester in- 
troductory course entitled “The Psy- 
chology of Human Relations.” This 
course is taken during the junior year 
and is required of all engineering stu- 
dents. It stresses the induction of fun- 
damental principles by the student, 
plus practice in the systematic appli- 
cation of these principles to a wide 
variety of human relations. The basic 
principles are carefully selected be- 
forehand by the instructor, but are not 
presented to the student. Instead, the 
student is encouraged to induce these 
fundamentals from instances of hu- 
man behavior that are comprehensible 
to him because of his previous experi- 
ence. The student—not the instructor 
—is required to make the generaliza- 
tions. Checking the hypotheses 
through deduction is the final stage 
in building up a set of basic principles 
for later use. 

An example of the instance-induc- 
tion procedure can be taken from the 
field of motivation. The student is 
asked why men work—or why men 
eat—or why certain people go to 
school—or why people rationalize. 
These questions generally yield work- 
able answers which are couched in 
terms of the satisfaction of some want, 
need, or desire. The student quite 
readily generalizes that motives are 
the reasons for behaving and that 
these motives are varied and complex. 
With this background, and some op- 
portunity to apply the generalization 
in specific situations, the student is in 
a position to see, among other things, 
the futility of dealing with all human 
behavior in terms of financial or 
monetary incentives. 

Concurrent with the development 
of psychological principles, the student 
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is introduced to concrete human re- 
lations problems of varying complex- 
ity. These may deal with adjust- 
ments at home, in school, or in in- 


dustry. Every attempt is made to use 


previously-derived principles in new 
and concrete cases. Apart from the 
induction of basic principles from in- 
stances, the solving of concrete prob- 
lems by the student is the chief class 
activity. The problems are selected 
so that the student sees the necessity 
for first carefully determining the real 
problem at hand, and then planning 
his proposed course of action. 

How effective has the course been 
in accomplishing its aimsP As any 
teacher knows, it is most difficult to 
evaluate the effectiveness of teaching 
at the behavioral level as well as the 
verbal level. However, we do have 
some evidence that the methods used 
in the course, “Psychology of Human 
Relations,” is the best approach yet 
tried at Carnegie in teaching a one- 
semester unit for engineering stu- 
dents. We believe the main goals of 
the course are being realized. Many 
Carnegie students take advanced 
elective courses in social psychology, 
industrial psychology, and the psy- 
chology of adjustment. Although 
these students do not have at hand 
a wide range of factual material from 
the basic psychology course, they do 
appear to have an appreciation of 
fundamental principles in the areas of 
emotion, motivation, learning, and 
adjustment. 

This is indicated by the way in which 
they are able to handle realistic prob- 
lems in the advanced undergraduate 
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courses, by their analyses of the uses 
and limitations of psychological pro- 
cedures and by the realization that 
many concepts developed under ex- 
perimental conditions have applica- 
tion in real life situations. 

On the more objective side, ex- 
perimentally controlled studies have 
been made before and after the course 
to determine student attitudes toward 
dealing with human problems.  Sig- 
nificant favorable gains were evi- 
denced from those students having 
taken the course in comparison with 
control groups who had not. 

There is another type of evidence 
that the course has been “sold” which 
we believe to be of some importance 
—the engineering faculty feels the 
course is meeting a vital need of their 
students. Whether this attitude is 


due to the effectiveness of the course, 


or to the participation of key engi- 
neering faculty members in helping 
establish the course, or to both, is 
unimportant. It has given us a fav- 
orable environment in which to work. 

Over the past seven years in which 
the course has been evolving, the 
Provost and Deans concerned have 
made available opportunities for the 
psychology staff and engineering fac- 
ulty to work closely together on vari- 
ous educational problems. The engi- 
neering faculty visits our classes in 
psychology and we visit some of those 
in engineering. We exchange ideas 
on teaching methodology. Let no one 
overlook the advantages of this kind 
of immediate human relations in 
teaching psychology to another pro- 
fessional group! 
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ON TEACHING DESIGN 


With Special Application 
to Civil Engineering 


CHESLEY J. POSEY 


Professor and Head 
Department of Civil Engineering 
State University of Iowa, Iowa City 


A paper presented at the meeting of the North Midwest Section, ASEE, 
held at South Dakota State College, Brookings, November 4-5, 1955 


The traditional civil engineering 
course has long been criticized be- 
cause it does not produce enough 
graduates capable of doing design 
work. Few are trusted with responsi- 
bility for design until they have had 
years of experience, and even then not 
until they have been cautiously tested 
on minor projects or on those where 
the opportunity exists for a careful 
review of their work. Many fall by 
the wayside. 

A common opinion is that one is born 
with design sense or is not, and that 
the years of sub-professional practice 
are not so much for education as for 
discovering and winnowing out those 
unsuited for this type of work. An 
employer of young graduates who 
hopes to obtain designers first tests 
them on routine computations, draft- 
ing, and analysis. These are basic 
skills all graduates are supposed to 
have acquired in school, and indeed 
most of them have. 

When opportunity presents, the 
young graduate who has proved him- 
self able to do the routine work sat- 
isfactorily is given some real design 
work to do, and his product is care- 
fully weighed. He is seldom allowed 


many failures. In spite of the fact 
that considerable attention is given to 
“design” in the civil engineering cur- 
riculum, it is at precisely this point 
that too many of our graduates reach 
their limit. 

I believe that this is true because 
we engineering educators have not, 
in the main, understood what sort of 
teaching procedure is necessary to 
train designers, and except in rare in- 
stances have not been giving our stu- 
dents the type of training they really 
need. We have thought of design as 
being the particular sequence of com- 
putations one goes through in order 
to proportion structural members so 
that they will conform with the specifi- 
cations or building code. In the stand- 
ard textbooks, the treatment of design 
problems is limited almost entirely to 
details of typical structures, methods 
of analysis, special computational pro- 
cedures for determining sizes, and 
codes or specifications. Now I do not 
say that this knowledge is useless. I 
merely say that such study per se is 
not effective in producing designers. 

In order to determine how students 
should be trained to become designers, 
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let us consider what the successful de- 
signer does. He must: 


(1) foresee every final demand 
that a given structure will be. 
required to meet. 

(2) be able to conceive, in fairly 
complete detail, alternative 
plans that will meet the re- 
quirements economically. 

(3) determine which plan is most 
satisfactory and economical. 
(4) be able to complete and set 
down the finally selected plan 
clearly enough so that the 
draftsman can draw it and the 

contractor can build it. 


Our present teaching methods give 
some training to develop the student’s 
ability in communicating his ideas, 
and in analytical methods. The lat- 
ter are necessary aids to the judgment 
in selecting the most feasible plan, but 
they give practically no opportunity 
to develop the abilities needed for the 
first step of the designer’s work, and 
little real practice in developing the 
kind of judgment designers need for 
the third step. Even the best of our 
graduates are likely to overlook some 
minor but important function of the 
structure, or to prepare only one de- 
sign and defend it stubbornly against 
suggested alternatives. 

There is a way of teaching design, 
however, that does foster real de- 
velopment along all these lines. It 
benefits the students who have a nat- 
ural inclination towards design much 
more than does the old type of in- 
struction. Instead of starting by 


teaching the use of the specialized 
tools in the designer’s workbag, the 
new method plunges directly into 
problems which involve the whole 
range of design activity. Problems 
are simple at first. As they become 
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more complex, the use of any special- 
ized tools which may seem to be 
needed is explained by the instructor. 

The student may first be asked to 
design a garage, one for his own use 
that he may wish to build after he 
graduates and settles down in a new 
home. The result asked for is a set 
of plans and specifications that would 
tell a carpenter foreman what is de- 
sired. When his design is completed, 
each student presents it orally to 
the other members of the class, who 
are encouraged to ask questions and 
to criticize as a board of review. 
Often questions are asked that show 
up serious defects. If not, the in- 
structor should bring them out tact- 
fully by such questions as “Are you 
sure the beam over the double door 
is strong enough, and won't deflect 
too far?” 


The question and answer period is 


important, and it calls for the greatest 
skill on the part of the instructor to 
create the right psychological atmos- 
phere for free class discussion. Amaz- 
ing individual differences come to 
light, with some of those who evi- 
dence good design sense showing seri- 
ous defects in the way of too little or 
too much self-confidence. By the end 
of the course, though, those who have 
real design talent will know how to 
defend their ideas. They have learned 
to compromise judiciously and quickly 
when a valid criticism is made. 

By the end of the course, too, those 
who have little talent for design wil 
be thoroughly convinced that they 
should seek some other type of work 
Under the traditional type of instruc 
tion, these same individuals might be 
in a far worse position. If they wer 
able to follow successfully the typical 
designs worked out in the textbook, 
they might have earned a high grade 
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in the course and a false idea of their 
ability as designers, an idea that might 
easily doom them to many years of frus- 
tration. In, on the other hand, they 
received a low grade, they might or 
might not be convinced that they 
could not design. It should also be 
pointed out that in the traditional 
type of course, some students who re- 
ceive a low grade might even have 
considerable design talent. This is 
especially true when in his grading 
the instructor puts too much emphasis 
on superficial aspects of assignments. 

In the new type of course no text 
is used, but a great deal of thought 
is given to the selection of suitable 
problems graduated in difficulty, and 
short enough to permit fairly com- 
plete study. In view of the growing 
importance of other types of civil en- 
gineering work, it would seem desir- 
able to broaden the scope beyond the 
customary structural projects. The 
exercises should be short, and the stu- 
dent should be allowed time to do his 
own thinking. In starting a new 
course of this type for seniors, the staff 
of the whole civil engineering depart- 
ment should cooperate in finding and 
selecting suitable problems. 

The writer has used this method of 
teaching design for courses in both 
steel and hydraulic structures. Special 
courses under structural and sanitary 
engineering instructors have also been 
given to small groups of graduate stu- 
dents in the department. In steel, the 
problems have been mainly structural, 
progressing from the simple garage 
discussed above to industrial build- 
ings and bridges. In the other courses, 
problems requiring a wider range of 
basic knowledge have been used. One 
good example is the design of a pump 
house; this involves hydraulics, soil me- 
chanics, and structures. A temporary 
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weir to be built in a storm sewer pro- 
vided good hydraulic and structural 
practice and developed a good appre- 
ciation of the necessity of considering 
the method of construction. 

On some of the problems, a com- 
plete range of the more obvious de- 
signs was prepared every year, yet 
hardly a year passed without some 
novel design appearing. The best de- 
sign so far obtained on one problem 
was produced by a student who, de- 
spite rather mediocre computational 
ability, became a designer of recog- 
nized standing within a few years 
after leaving the classroom. 

Students in design courses should 
always be given a little instruction to 
prepare them for the task of “check- 
ing.” There are two possible guiding 
philosophies for the “checker.” When 
the contrast is brought to their atten- 
tion, they can select the one that is 
more likely to lead to success, and 
are less likely to follow the other with- 
out thinking. One is “Never leave any 
feature of the design the way it is if 
you can think of any possible reason 
for changing it,” and the other “Never 
make a change in the existing design 
unless it is absolutely imperative.” 

The dangers of “checking” designs 
by verification of the detailed com- 
putations should be pointed out and 
the students trained to check from 
completed plans, starting with the 
most important general features and 
following through to the details. A 
most satisfactory examination can be 
given by asking the class to check 
plans that embody several defects; 
these, of course, should vary in con- 
spicuousness and importance. 

Many skillful teachers have known 
the methods described herein and 
have used them, usually in the courses 


in steel and masonry which almost 
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always have enough computation pe- 
riods to give time for practice. Un- 
fortunately, however, many have not. 
Even where good methods of teaching 
design have been used, the methods 
have too often been solely structural. 
There is no reason why the student's 
background in other fundamental sub- 
jects should not be drawn upon. The 
philosophy is, of course, the same as 
that underlying the “case method” or 
“project method” used in other fields 
of engineering. 

Many employers say that they 
would rather have young graduates 
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well trained in fundamentals than in 
particular applications. What they 
mean, of course, is men able to apply 
their knowledge of fundamentals to 


‘new problems. This demands crea- 


tive or problem-solving practice, not 
merely a more nearly perfect or more 
extensive memory of the fundamen- 
tals. We should act now to insure 
that at least a small part of the stu- 
dent’s training will be this kind of 
practice, and not all of it the sort of 
instruction that is in reality a con- 
ducted tour through interesting ap- 
plications devised by others. 


ELECTRON MICROSCOPE COURSE 


“Techniques and Applications of the Electron Microscope,” a 


summer laboratory course intended to offer an intensive survey of 
basic theory and data interpretation, will be given from June 11 
to June 23 by Cornell University’s Department of Engineering 
Physics. Under the direction of Professor Benjamin M. Siegel, the 
course will have as guest lecturers Cecil E. Hall of the Massa- 
chusetts Institute of Technology and Robley C. Williams of the 
University of California at Berkeley. 

Registration is limited, so that ample facilities will be available 
for each member of the group to pursue laboratory work in his 
special field at an introductory or advanced level, depending on 
previous experience. Inquiries should be addressed to Professor 
Siegel, Rockefeller Hall, Cornell University, Ithaca, New York. 
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ANOTHER LOOK 
AT GENERAL STUDIES 


President Jess H. Davis's reflections 
on “General Studies for Engineers” 
ought not to go unchallenged, though 
one cannot help feeling that to “reply” 
to President Davis’s article in the Oc- 
tober issue of the JouRNAL (p. 109) is 
to take unfair advantage of the willing 
speaker who plays (as I think he 
does ) the devil’s advocate for the pur- 
pose of encouraging discussion. Pres- 
ident Davis's words have an eager 
and a nipping air about them which 
is bracing, and his forthright manner 
does not want for sincerity. There- 
fore, so as not to appear unsportsman- 
like, I should say that I respond to 
President Davis in the same spirit of 
impromptu “give and take” that he 
shows in his paper. 

At the outset, I feel at a slight dis- 
advantage. President Davis’s animad- 
versions tend to put one in the posi- 
tion of defending “Culture for Engi- 
neers,” which I cannot do. Like him, 
too, I am at a loss to know for sure 
what culture means in this context. 
Or, if it means what I suspect it 
means, then one must confess that he 
would scarcely wish to waste his time 
defending so provincial a notion. 
Moreover, I know of no teacher of the 
humanities today who would be so 
absurdly old hat as to subscribe to, 
let alone preach, the idea that human- 
istic learning is intended (for engi- 
neers or for anyone else ) as something 
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Head, Department of Humanities 
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New York 3, N. Y. 


ornamental, to be displayed only on 
ceremonial occasions. 

Indeed, that is the first and most 
important point I have to make (and 
it is, I believe, central to the issue). 
Humanistic learning is a discipline in 
its own right, ancient and honorable, 
with a vast body of knowledge from 
which to draw. It has its own ancient, 
honorable, and effective methods of 
inquiry, with a vigorous pride in the 
inexhaustible riches it is heir to. It has 
its own profound and determined de- 
sire to preserve the best, with its own 
highly disciplined scholarship, with 
its own logic (just as severe in its way 
as the logic of science ), its own ideals 
of perfection, its own dedicated minds. 

One might as well let the cat out of 
the bag at once. Humanistic learn- 
ing is not adjunct to any other body 
of knowledge or methods of inquiry. 
If one wished so to construe their 
place in engineering education, one 
might say that the humanities are in- 
terlopers; but no one could accuse the 
humanities of being Johnny-come-late- 
lies in the noble society of learning. 

President Davis shares with many 
other administrators the notion that 
the humanistic-social stem in engi- 
neering education is auxiliary to the 
science of engineering. No one now 
would think of denying chemistry or 
physics or mathematics an autonomous 
place in the liberal arts college; why 
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should one venture to suppose that the 
humanities should be service append- 
ages to chemistry or physics or engi- 


neering mechanics in an engineering 


college? 

Though President Davis does not 
insist that the “results” of humanistic 
study must be capable of quantitative 
measurement, still he is uneasy be- 
cause he cannot (both as administra- 
tor and as engineer) determine how 
close “we” come to meeting the objec- 
tives of the humanistic-social stem in 
engineering education. The general 
objectives of the humanistic-social 
stem, as stated in the 1945 Report of the 
Committee on Engineering Education 
After the War, are, President Davis 
finds, presented in words both inde- 
finable and perplexing. Of course 
they are—from the strictly engineering 
point of view. Considerable credit 
should be given the members of the 
Committee for the daring they showed 
in mapping out a direction without 
benefit of slide rule. 

Still greater credit should go to 
those members of the recent Commit- 
tee on Evaluation of Engineering 
Education for the broad and forceful 
stand they have taken in re-affirming 
the earlier ideals and directives. One 
must remember that these committees 
were not writing systematic philos- 
ophies of education, but were taking 
upon themselves the roles of explorers 
trying to establish a line of march. 

Humanistic-social aims cannot be 
expressed algebraically or trigonomet- 
rically. They were never intended to 
be subject to the kind of universal 
agreement which numbers so easily 
command, and they never will be. 
But they are responsive to another 
kind of measurement—the human in 
its fullest sense, that is, in terms of 
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wholly human values. And _ the 
achievement of human values cannot 
be accomplished all of a sudden, say 
in four college years. It may well take 
three score and ten years before the 
candidate is ready to be examined in 
his humane learning. 

What enlightened board of trustees 
ever had the temerity to say that the 
student must have accumulated a 
measurable quantity of humanistic 
understanding—intellectual _ courage, 
tolerance, aesthetic awareness, emo- 
tional maturity, creative sensibility, 
compassion—by the end of his senior 
year? If one thirsts for more concrete 
terms with which to talk about the 
objectives of the humanities, it will be 
no refreshment to turn to the physical 
sciences for a loan of their language. 
One has rather to draw more deeply 


from the well of the humanities them- 


selves. There is meaning in the term 
“human values,” though as with a dif- 
ferential equation, the meaning may 
not readily be grasped until one has 
given the prerequisite studies consid- 
erable attention. A mark of engineer- 
ing science is that it can be mastered, 
after a fashion, in four or five years 
of undergraduate study; it is equally 
a mark of humanistic learning that 
only a rare soul ever masters it, even 
after a fashion. 

As all teachers of the humanities 
know, humane learning often has to 
deal with subtleties that defy sys- 
tematic analysis and formulistic pres- 
entation. In the arts particularly, 
discursive reason may be the least 
rewarding approach to their under- 
standing and enjoyment. Indeed, the 
enduring strength of a piece of liter- 
ature may lie in its “non-rational” 
manipulation of symbols, its ambigu- 
ities and ambivalences, which have to 
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ANOTHER LOOK AT GENERAL STUDIES 


be surprised by insights and intuitions 
if they are to be captured at all. I 
am reminded here of a verse by Mari- 
anne Moore entitled “Poetry,” which 
opens with these lines: 


I, too, dislike it: there are things that are 
important beyond all this fiddle. 

Reading it, however, with a perfect con- 
tempt for it, one discovers in 

it after all, a place for the genuine. 


Are not all the humanistic studies 
striving largely to find the genuine 
and bring it to light, wherever it may 
lie hidden, in science or the arts? If 
at times the humanistic approach to 
reality is quite different from the sci- 
entific approach, it is not for that rea- 
son dispensable. The competent hu- 
manities teacher finds himself in a 
position where he can appreciate and 
give credit to both points of view. 
Is it too much to ask that the engi- 
neer pay his respects to the human- 
istic approach, which, though often 
different from his, is in its field equally 
valid and successful? 


Subject-Matter 


When President Davis turns his at- 
tention to the subject-matter of hu- 
mane learning, to the content of 
courses in literature and the fine arts, 
for example, he presses hard on the 
most sensitive area the teacher of the 
humanities has had to learn to live 
with—lack of motivation on the part 
of engineering students toward the 
humanistic studies. Of course Pres- 
ident Davis is right when he says we 
must first capture the interest of the 
engineering student. His remarks in 
this connection are unarguable, and 
the humanities teacher breathes agree- 
ment with him. 

That engineering students have a 
very high degree of motivation toward 
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their engineering subjects and a low 
(though not so low as some would 
put it) degree of motivation in the 
humanities is a fact not better known 
to anyone (not even to a college 
president) than to the “plain” class- 
room teacher. But the teacher of 
humanities (or of the social sciences ) 
in an engineering school is a con- 
firmed optimist, and he tries unweary- 
ingly every device known to Heaven 
and man to motivate student interest 
in the enduring works of the human 
mind and imagination. Engineering 
students have very lively minds, cap- 
able of reaching out in many direc- 
tions enthusiastically—if encouraged. 

To be sure, there is nothing wrong 
with beginning with the modern writ- 
ers in a literature or in any other course. 
There is everything right with intro- 
ducing students to literature by way 
of Bernard Shaw or Sinclair Lewis or 
Scott Fitzgerald or Dreiser or Hem- 
ingway. And the truth of the matter 
is that most freshman English courses 
in engineering schools make it a point 
to introduce the student to literature 
by way of the modern. But this is 
only the beginning. Where do we 
go from here? Somewhere, sometime, 
we are going to have to face Shake- 
speare and Dante. Give the good 
teacher time, and he will find a way. 
Only be sure that you do give him time. 

As head of a Department of Hu- 
manities, I have found not so much 
that the great writers and thinkers are 
unteachable, but rather that they re- 
quire a good teacher. And most col- 
leges (engineering and other) are not 
willing to pay for good teachers, either 
in time or in money. What makes a 
good humanities teacher? Just this 
—as thorough a knowledge of his sub- 
ject-matter as the engineer has of his, 
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and in addition an abundance of time 
—time to work with and for his stu- 
dents, time to think about what he is 
going to do, time to do it in, time to 
develop himself, and time for study 
and reflection. 

To give a teacher time for his work 
means freeing him from heavy teach- 
ing assignments, from responsibility 
for large numbers of students, from 
busy-work, administration, from the 
casual and non-essential. It often 
seems that the teacher is expected to 
do just about everything but teach. 
He draws up syllabi which tell what 
he is going to do; he writes reports 
and fills out questionnaires which tell 
what he has done. I sometimes won- 
der when he really does what he says 
he does. Give the devoted teacher 
time, and he will find a way to interest 
engineering students in the mighty 
works of the past. And give the engi- 
neering students more time in which 
to prepare for their humanities sub- 
jects, and the curve of motivation will 
rise with astonishing speed. 

Nor is the charge of superficiality 
which President Davis levels at hu- 
mane learning in engineering schools 
quite merited. Depth of knowledge 
is a matter of degree, as President 
Davis must know. Since the aim of 
the humanities is the humanizing of 
the student (any student—engineer- 
ing, medical, business administration, 
or liberal arts), it is perhaps not a 
question of subject matter to be 
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consumed or even a problem in deep- 
ness of inquiry. In other words, it 
is not a matter of imparting a given 
quantity of concrete, objective, test- 
able pieces of information, but rather 
a question of enriching the individual 
student’s own personality, of broaden- 
ing his outlook, of civilizing his at- 
titudes. And given the small amount 
of time allotted the humanities and 
the social sciences in engineering 
schools, the wonder is that teachers 
of humanities do as well as they do. 

President Davis is an old-school en- 
gineer. I am an old-school liberal 
arts man. I salute President Davis's 
thought that objective measurement 
is a worthy aim in the branches of hu- 
man thought where it is applicable. 
I would like to feel that he is as ready 
to pay his respects to mathematically 
unmeasurable literary values, abstract 
philosophic thought, and to the com- 
plex of human values which is inevit- 
ably a part of the human condition. 
If the engineer will make allowances 
for the humanistic approach to experi- 
ence, as the humanist makes allow- 
ances for the scientific approach to 
material reality, together they will 
make a distinguished pair. The re- 
sult will be the new-school engineer- 
humanist who has the advantages of 
both points of view. 


(The quotation from Marianne Moore, 
Collected Poems, 1951, is reprinted by per- 
mission of The Macmillan Company, N. Y.) 
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A MATHEMATICS TEACHER 
LOOKS AT ENGINEERING COURSES 


F. VIRGINIA ROHDE 


Associate Professor of Mathematics and Astronomy 


There seems to be a growing ten- 
dency in our engineering colleges to 
center the teaching of advanced math- 
ematics at least within the engineer- 
ing college itself rather than to have 
the mathematics department do it. 
Obviously the engineers are dissatis- 
fied in some sense or other with the 
work the mathematicians are doing. 
One reason frequently given is that 
there are already too many courses 
the student must take, and he does 
not have time for a separate mathe- 
matics course. Therefore it is not 
possible to require mathematics be- 
yond the calculus, and additional 
mathematics can be taught in the en- 
gineering courses as the need arises. 

This makes for such courses as 
electric circuit theory (as given in 
some schools), which turns out to be 
the equivalent of an advanced math- 
ematics course, including solutions of 
polynomial and transcendental equa- 
tions, some elementary differential 
equations, practical Fourier series, 
plus Fourier and Laplace transforms, 
with a smattering of Gamma and Bes- 
sel functions. Similarly, much time 
in a course on mechanical vibrations 
is spent acquiring information about 
the sine curve and its uses. 

On the other hand, much of the 
mathematics a student has learned is 
not put to use. Consider the beam 
deflection problems in elementary 
strength of materials. Here it really 
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does not matter whether the student 
can integrate such a function as x" dx 
or not. An entirely new method—that 
of moment-area diagram—is taught 
him. (We must admit, this method 
is quicker and much simpler, once 
you get the hang of it!) Or consider 
the problem from the advanced 
strength of materials text, in which 
the object was to show that a certain 
phenomenon gave rise to the equa- 
tion of a straight line. Polar co- 
ordinates were used and the polar 
equation of the line was achieved 
without too much effort. But appar- 
ently a student sufficiently advanced 
to take such a course is not supposed 
to know about polar equations of 
lines, for the text gives in detail the 
mathematics necessary for change into 
the rectangular form before it dares 
state that the result is a straight line. 

Again, there is a waste of time and 
duplication of effort between the en- 
gineering faculty and the mathematics 
faculty in teaching such things as mo- 
ments or areas and volumes. It is not 
at all unusual for a student in integral 
calculus to come up after class when 
work on moments or volumes has 
been started and remark that he is 
doing the same thing in statics. Of 
course such duplication does not hurt 
the student, but in view of the fact 
that he has so much to cover, is it quite 
wise? (Duplication is not always the 
case, incidentally. The engineers’ 
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fears are sometimes justified, as evi- 
denced by the student who said he 
had just completed a course in inte- 
gral calculus in which the teacher had 
not solved one practical problem! ) 

Just what, then, is the place of 
mathematics in the engineering cur- 
riculum? What should be taught? 
Who should teach it? How can these 
matters best be decided in a given sit- 
uation? To settle the easiest question 
first, mathematics should definitely be 
taught by the mathematician, the one 
who is trained to teach it. If there is 
one on the engineering faculty trained 
in mathematics, there is no good rea- 
son to forbid his teaching the mathe- 
matics required if such seems to be 
desirable. 

The term “being trained in mathe- 
matics” implies a person who could 
equally as well have obtained a posi- 
tion on a university mathematics fac- 
ulty as his present engineering ap- 
pointment. If this is not the case, it 
must be assumed that the members of 
the mathematics faculty are better 
trained and more qualified to teach 
the mathematics courses than are the 
engineers. 

On the other hand, it is perfectly 
true that all mathematicians are not 
equally adapted to teaching engineer- 
ing students. If possible, the student 
should be under someone who is fa- 
miliar with the engineering curric- 
ulum. If the mathematics teacher is 
not acquainted with the curriculum, 
he should become acquainted with it. 
The engineering college should co- 
operate, but it can expect the mathe- 
matics teacher to take the initiative. 

Psychologically it would be good if 
engineering classes, especially in ele- 
mentary mathematics, could be set up 
for engineering students only and 
could meet in regular engineering 
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classrooms. This would keep the in- 
structor reminded of the fact that he 
was teaching mathematics primarily 
as a tool, and would give the fresh- 
man more of the feeling that the 
mathematics was actually a part of his 
engineering training rather than just 
another extraneous required subject. 

This brings up the next question of 
what mathematics should be taught. 
If two people can be found to agree 
on this matter, I do not know where 
they are. [Editorial Note: Some ad- 
vanced-subject progress is apparently 
being made on Miss Rohde’s point, as 
the Report of the Pasadena Confer- 
ence on Mathematics, page 585, may 
show.] Yet I feel definitely that cer- 
tain topics should and could be omit- 
ted for the engineering student, with 
others emphasized more than they 
presently are. 

There is no reason why the algebra, 
trigonometry, analytic geometry, and 
differential calculus needed cannot be 
covered in the first year of college if 
a little cooperation is established be- 
tween the mathematics and engineer- 
ing faculties. The engineers will have 
to take time to inform the mathemati- 
cians just what subjects or emphases 
are and ‘are not needed for engineer- 
ing practice. The mathematicians will 
then have to teach with these goals in 
mind, or convince the engineers that 
other methods would be better. Cer- 
tainly all theory cannot be omitted, 
for, though mathematics is to be pri- 
marily a tool, a certain amount of 
“mathematical maturity” is necessary 
to undertake intelligent study of spe- 
cial topics, primarily those required 
for advanced degrees. 

One of the criticisms of present 
mathematics courses, both elementary 
and advanced, is that there are not 
enough practical problems solved in 
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class or assigned for homework. 
Members of the engineering faculty 
could help here by taking an hour 
or two and writing out some practical 
problems that might be used in the 
mathematics courses. These could be 
filed by the mathematics group, and 
added to from year to year, making 
a good supply of problems available 
at all times. Such problems, inciden- 
tally, should realistically include ex- 
traneous information, so that the stu- 
dent would need do more than find 
a formula involving exactly the quan- 
tities given in the problem and then 
substitute. (One of the most harrow- 
ing experiences of my life was to be 
given a problem in strength of ma- 
terials in which there was some in- 
formation for which I could find no 
immediate use! ) 

Except for the rare two-year uni- 
fied courses, the first mathematics 
most college freshmen encounter is 
algebra. Here several weeks are 
sometimes devoted to a review of 
high school work, even going back to 
what was done in the ninth grade. 

For a student qualified to take the 
course in the first place (one with two 
years of high school algebra and 
sometimes more) nothing could be 
worse than this method of beginning 
the semester. He feels it is only a 
“rehash” of something he has already 
had; he gets by with little or no study; 
the pattern is set. He is not going to 
do any studying for the rest of the 
semester in that course. . Such things 
as the solution of linear and quadratic 
equations, factoring, and handling of 
fractions can just as well be reviewed 
on the student’s own as he finds neces- 
sary. This would be the scholarly 
way of doing things. 

If we must start with something 
simple, a discussion of inequalities 


might well be in order. The student 
would feel he was learning something 
new and would begin a program of 
study rather than of neglect for his 
mathematics. The two or three weeks 
saved could be devoted to solutions 
of polynomial equations by numerical 
methods and other desired topics. 

As for trigonometry, a thorough 
foundation in the measurement of 
angles, both by degrees and radians, 
in the trigonometric functions, and in 
the fundamental identities and their 
use would seem sufficient. Certainly 
these topics are needed, either imme- 
diately in engineering, or for the de- 
velopment of the so-called mathemat- 
ical maturity mentioned earlier. Spe- 
cial attention should be given to the 
discussion and graphing of sine and 
cosine curves, with amplitude, phase, 
period, and frequency emphasized. 
The addition of ordinates in graphing 
linear combinations of such curves is 
also most useful. The development 
of the sine and cosine formulas and 
others for solving triangles is hardly 
necessary; possibly two or three days 
could be spent on their use. 

This would be a good place for a 
discussion of significant figures and 
rounded numbers, a subject which is 
important to the engineer. Since 
there are so many different opinions 
about this subject, it would be well 
for the mathematics and engineering 
faculty to have a common method. 
Occasional practice in the engineering 
classes of carrying an irrational num- 
ber in its exact form, such as 7, V3, 
or log,, e, to the end of a problem 
would not be amiss, either. After all, 
2.828 may look like 2/2, but it might 
represent almost anything else as well. 
Suppose you decide at the last minute 
you want five significant figures and 
are not sure about their validity? 


558 JOURNAL OF ENGINEERING EDUCATION 


Most of the time spent in analytic 
geometry on the conic sections (in 
other words, most of the time spent 
in analytic geometry, in many cases ) 
would seem to be wasted on the engi- 
neering student. To paraphrase a 
verse of Scripture, “For what is a man 
advantaged, if he gain the equation of 
the directrix in the new coordinate 
system after the axes have been trans- 
lated and rotated, and recognize not 
the equation of a straight line or a cir- 
cle in polar coordinates?” To know 
that 5x? — 13xy + y? + 2x — 10= 0 is 
an hyperbola is enough without being 
able necessarily to put it in standard 
form. 

Probably the greatest objection to 
the teaching of calculus is the failure 
to emphasize the use of integral ta- 
bles. As we all know, much time 
could be saved for more important 
things if the student were allowed to 
use tables in integrating functions 
such as (3x + 1)dx/(2x?+ 5x + 8). 
Again, since the engineering courses 
cover thoroughly the subjects of mo- 
ments, areas, volumes, and the like, 
possibly some of this work should be 
omitted in the calculus and the time 
devoted to other topics, say an intro- 
duction to differential equations. 

In a course streamlined for engi- 
neers along such lines as have been 
suggested, I feel certain that the stu- 
dent could be given in three semesters 
as much necessary mathematics as he 
now gets in four. The fourth semester 
could then be devoted to a good 
course in differential equations which 
would include special emphasis on 
graphical and numerical methods, 
series solutions including Bessel func- 
tions, and boundary value theory with 
applications to specific problems in 
engineering. I have no proof for this 
statement, for I have never had the 
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opportunity to try such a thing, al- 
though I would certainly like to do so. 

With the exception of the differen- 
tial equations, there is probably no 


‘single text which would be suitable 


for any one or two semesters of such 
a program. Of the so-called unified 
texts today, all are written for wider 
audiences than just the engineering 
student. Sometimes I think a student 
learns more without a text, anyway, 
when he has to pay attention and 
take notes. Certainly there would be 
plenty of reference material. Given 
a teacher interested in his work, the 
program should be a success for two 
reasons: first, the student would know 
he was getting something he could 
use later on; and second, he would 
have to work harder from the begin- 
ning and so would get into the habit 
of studying regularly. 

Assuming subjects taught as out- 
lined in the first two years, there 
should be little necessity for the en- 
gineering faculty to do more than a 
cursory review of any mathematical 
subject in their courses. The student 
who needs more mathematics will 
then be able to find time for advanced 
courses covering such topics as vector 
analysis, partial differential equations, 
complex variables, matrix theory, Boo- 
lean algebra, and so on. Vector analy- 
sis and partial differential equations 
with some applications can be cov- 
ered in a three-semester-hour course, 
as can the complex variable theory 
needed for the more elementary ap- 
plications. These are probably the 


subjects most often required. By the 
time a student has got through this 
much mathematics, he is usually ma- 
ture enough to learn for himself by 
reading what he needs of other topics, 
given appropriate references. 
Finally, to aid in the success of any 
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such program, there must be direct ex- 
change of ideas between engineering 
and mathematics instructors. When 
an engineering instructor finds that a 
particular mathematics course, espe- 
cially one which has been designed 
for the engineering student, contains 
more theory than he thinks it should 
or omits something he thinks should 
be included, let him tell the mathe- 
matics faculty about it in person. He 


must remember that the mathemati- 
cian teaching the course will probably 
be only too glad to get suggestions, 
but that the students do not always 
pass on everything that is told to 
them. A joint effort by mathematics 
and engineering staffs, however, will 
go a long way toward advancing the 
efficiency and usefulness of mathe- 
matics instruction as a part of engi- 
neering curricula. 


“JETS” HIGH SCHOOL PROGRAM 


Junior Engineering Training for Schools (JETS), a science- 
club plan originated in 1950 by Lorin G. Miller, former Dean of 
Engineering at Michigan State University, now includes 75 clubs 
in eighteen states, with an active membership of more than 2,000 
high school boys and girls. The JETS program is intended to 
do for engineering what 4-H and FFA have long been doing for 


agriculture. 


The JETS clubs get first-hand information from a variety of 
sources. Projects are recommended, conferences and talks are 
scheduled by college staff members or industrial engineers, films 
and publications are obtained for study and review. To help clubs 
get started, JETS headquarters has supplied lists of suitable 
projects, and an index of more than 100 motion pictures available 
without charge from industry and other organizations. Added in- 
centives for members of JETS are provided by judging recogni- 
tion of club projects and by scholarship awards to the outstanding 


member in each club. 


Success of the JETS program has already brought requests for 
information from more than 60 engineering colleges, societies, and 
industries. The JETS idea has been developed as a national 
secondary-school pattern which can be utilized freely by engineer- 
ing colleges everywhere. Director Harold P. Skamser, School of 
Engineering, Michigan State University, East Lansing, offers 
assistance to ASEE institutions and industries in adapting the basic 
JETS plan to the special needs of their own areas. 
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SENTENCE AND WORD LENGTH 
IN SCIENTIFIC WRITING 


HARRY F. ARADER 


Industrial Liaison Officer for Research 


Lecturer, Moore School of Electrical Engineering 


Scientific writers are frequently 
urged, rather arbitrarily, to shorten 
their sentences and words. Too often 
it seems that those who would change 
the scientific writer’s style in these 
respects do not fully appreciate the 
special problems of the field. In sci- 
entific and technical writing, sentences 
frequently must be long in order to 
express essential qualifications and 
reservations, and short equivalents for 
polysyllabic terms often do not exist. 

Perhaps the attention that the vari- 
ous systems for measuring readability 
have received in recent years is re- 
sponsible for a general feeling that 
all writers should shorten their sen- 
tences and words. These readability 
measuring systems are based on sen- 
tence and word length; quite simply, 
the longer a writer’s sentences and 
words, the lower will be his readabil- 
ity rating. One would question the 
validity of such crude measuring sys- 
tems. Although it is true that sen- 
tences containing non-associated ideas 
are low in readability, all long sen- 
tences do not err in this respect; and al- 
though polysyllabic words may, in gen- 
eral; be less familiar than their shorter 
equivalents, this is not always the case. 
Moreover, as has been observed, in 
scientific and technical writing poly- 
syllabic terms are unavoidable. 


University of Pennsylvania, Philadelphia 


Readability means nothing more 
than reading ease, and scientific writ- 
ing should certainly be easy to read 
whenever possible. However, in this 
type of writing, reading ease does not 
necessarily result from simplicity of 
expression. For exposition, complete- 
ness and precision are essential; if 
these qualities cannot be obtained by 
the use of short sentences and short 
words, long sentences and long words 
must be used. An attempt to convey 
a sophisticated concept in short sen- 
tences and short words could easily 
be less readable than a more complex, 
and hence more appropriate, expres- 
sion. It may well be that the reader 
of scientific and technical material, ac- 
customed to devoting a measure of at- 
tention and concentration to his read- 
ing, feels that necessarily long sen- 
tences and words are quite readable. 


Scientific vs. Popular 


In fact, the readability measuring 
formulas proposed by Flesch and his 
followers for popular writing fail to 
distinguish between sentences and 
words that are necessarily long and 
those that could be shorter without 
loss. This failure to distinguish levels 
of communication responsibility sug- 


gests that these systems may be mis- | 


leading if applied to practical writing. 
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So much for theory. It now re- 
mains for this theory to be tested. 
The purpose of this paper is to report 
the results of an effort to determine 
the correlation, if any, between the 
length of sentences and words in sci- 
entific writing and the readability of 
that writing, as judged by those who 
normally read it. 


Test Evaluation 


Representative samples were drawn 
from 17 reports in the field of science 
(one sample from each report) and 
were rated by means of the readabil- 
ity rating system developed by Rudolf 
Flesch.1 In this system the average 
number of words per sentence and 
the average number of syllables per 
100 words are computed; then, by 
means of a formula? developed by 
Flesch, these averages are expressed 
in terms of a Reading Ease Score. 
This score ranges from o to 100; the 
shorter a writer’s sentences and words, 
the higher is his score. By this token, 
the higher his score, the better writer 
he is. (A comic book, for example, in 
which half the words are of one syl- 
lable and the other half are two syl- 
lables, and in which all the sentences 
are five words long, would have a 
Reading Ease Score slightly under 75. 
A perfect score, of course, can be ob- 
tained only by mono-syllabic one- 
word sentences; random nonsense 
would qualify beautifully. ) 

The Flesch Reading Ease Scores for 
the 17 samples of scientific writing 
ranged from 23.4 to 45.3. The mean 


1How to Test Readability, Harper and 
Brothers, New York, 1951. 

2 (RES) = 206.835 — [1.015 (ASL) + .846 
(NS)], where RES is the Reading Ease 
Score, ASL is average sentence length, and 
NS bs the number of syllables per 100 
words, 


for the samples was 29.4. Six of these 
17 samples were used in the test: the 
two with the highest Reading Ease 
Scores (45.3 and 36.2), the two with 
the scores closest to the mean (28.8 
and 26.4), and the two with the low- 
est scores (both 23.4). These six sam- 
ples were then evaluated by eight 
readers who had no prior knowledge 
of the Reading Ease Scores. 

The readers were research workers 
who had undergraduate degrees and 
some graduate school training in both 
the physical and the social sciences; 
the reports concerned investigations 
and experiments in the physical and 
social sciences. Each reader com- 
pleted a questionnaire for each sam- 
ple, in which he stated his opinion 
both as to the sample’s capacity for 
being understood at one reading and 
its capacity for being summarized 
faithfully. The readers also indicated 
the approximate number of words re- 
quiring reference to a dictionary. 
Finally, the readers assigned a rank 
order to each sample, indicating how 
they felt that particular sample com- 
pared with the other five in general 
readability. 

The most remarkable result of the 
test was that the average (mean) rank 
order of readability assigned by the 
readers was almost exactly in reverse 
correlation with the rank order ac- 
cording to the Flesch Reading Ease 
Scores (see Table 1). It will be ob- 
served that the reports rated first and 
second for readability according to 
the Flesch system were fourth and 
third for the six readers. The two 
selections rated last according to the 
Flesch system were placed first and 
second by the readers. 

Analysis of the questionnaires 
showed some correlation between the 
rank order assigned by the readers 
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and their opinion as to ease of sum- 
marizing, and somewhat less correla- 
tion between that rank order and the 
opinion concerning capacity for being 
understood at one reading (see Table © 
1). No correlation was observed 
either between the rank order as- 
signed and the number of sentences 
that had required rereading, or be- 
tween the order and number of words 
that had to be looked up in a dic- 
tionary (see Table 1). 

The results of this admittedly lim- 
ited experiment suggest that, in sci- 
entific writing, there is no correlation 
between readability as measured by 
sentence and word length and read- 
ability as judged by trained readers. 
Thus, the current readability measur- 
ing systems are based solely on 
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mechanical factors of sentence and 
word length alone, without consider- 
ing content or quality of thought. 
They are apparently not valid for and 
should not be applied to scientific 
writing. One can only hope for a 
more critical examination of the the- 
ory that long sentences and _ long 
words reduce readability and _ that, 
eventually, this theory will no longer 
inspire arbitrary attempts to alter the 
style of competent writers generally. 


Editor's Note: The Flesch Reading Ease 


Score for the first four paragraphs of this 
article is 29.3, which is slightly higher than 
the mean of the scientific articles compared 
by the author. It is interesting to note that 
the first 100 words rated 23.3, or slightly 
more difficult than the hardest of the tech- 
nical articles used in the comparison. 


TABLE 1 


CoMPARISON OF FLESCH READING EASE SCORES WITH EVALUATIONS 
Mabe By ACTUAL SCIENTIST-READERS 


Comment on Words 
Sample Flesch Rank in | Reader’s | Comment on | Understanding| Sentences Requiring Requiring 
Letter FRES RES Rank Summary Single Re-reading Use of 
Reading Dictionary 
F 23.4 5 1 excellent excellent moderate low 
E 23.4 5 2 excellent excellent low low 
B 28.8 3 3 excellent excellent moderate to high low 
Cc 36.4 2 3 fair excellent moderate to high high 
A 45.8 1 4 fairto poor | fair high low 
D 26.4 + 5 poor poor moderate to high low 
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"CASE STUDIES” INCREASE INTEREST 
IN MATERIALS LABORATORY 


That dull course in “materials test- 
ing laboratory” can be changed into 
an interesting and creative contribu- 
tion to the student's store of knowl- 
edge. Too often this potentially great 
laboratory course becomes a formality 
of following specific instructions, tak- 
ing data, and writing reports. The 
organization of the experiment, the 
data needed, the original background 
and preparation, all are missing. 
When the same experiments are re- 
peated each semester, the instructor 
finds a direct similarity between the 
reports received. This indicates that 
the students are not thinking for them- 
selves, but are leaning on previous 
reports to do their thinking for them. 
It is also difficult for the busy instruc- 
tor to sit down and write a complete 
new set of experiments each semester 
without any repetition. As a conse- 
quence it seems proper that some way 
should be found of creating additional 
experiments without undue expendi- 
ture of time. The obvious answer, of 
course, is to interest the student in 
writing the procedure for the experi- 
ments himself, either on his own or 
during class periods. 

The testing laboratory schedule at 
Wichita University was recently re- 
vised as an attempt to interest stu- 
dents in testing procedure. The class 
was first divided into two groups, and 
problems rather than experiments 
were assigned to each group. In- 
stead of reports, the students in group 


P. F. BRANDENBURG 
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A were required to write a procedure 
to be followed by group B at some 
later date. The problems were com- 
posed in a fashion to interest the stu- 
dent in determining why the test was 
necessary and what results were 
needed to solve the problem properly. 

An example of this type of problem 
follows: 

“A law suit developed over the col- 
lapse of a roofing truss. The insur- 
ance company refused to pay dam- 
ages, contending the truss was poorly 
designed and inadequate to support 
its own weight. Arguments in the 
courtroom resolved into how much 
column load could be applied to the 
ends of each section of the 4 X 16 
timbers. The judge recessed court 
and asked you to run tests upon some 
sample timber taken from the fallen 
truss. Since there were various 
lengths of span pieces, you must ex- 
plain the variation in allowable load 
with length and section shape. The 
report must use clear and simple Eng- 
lish that the jury of laymen can un- 
derstand. The collapse of the truss 
occurred during a rain storm, so the 
timber could have been saturated at 
the time of failure. The sample sub- 
mitted for test is 2” x 8” Xx 10’ and 
can be cut into any size specimens re- 
quired. Your problem is to write a 
procedure for the experiment and ex- 
plain what results are necessary to sat- 
isfy the jury.” (Actual court case in 
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U.S. District Court—DeLuxe Lanes vs. 
Worchester American Insurance Co.) 
Under the guidance of the instruc- 


tor, the procedure-writing group laid _ 


out a step-by-step routine for the sec- 
ond group to follow in performing the 
experiment. The experiment was then 
carried out by the procedure-writing 
group according to this outline, and 
the necessary data were taken. An 
evaluation was then made by the 
group on whether the data would pro- 
duce the desired results, and any sug- 
gestions for improvement in the 
method were discussed. Finally, the 
group submitted a formal procedure 
for the second group to follow. 

The second group was allowed to 
make written comments as they fol- 
lowed the procedure submitted by the 
first group. These comments greatly 
assisted in grading the report and also 
in the student’s self-evaluation when 
his turn came to write a procedure. 
The full report was then written by 
the second group and re-submitted to 
the first group for approval. 

The viewpoint of the practical ap- 
plication was clearly contained in 
each problem and was presented to 
point out some function of testing 
laboratory work in industry. The 
knowledge of the audience to which 
the report was directed gave the stu- 
dents a satisfactory basis for evaluat- 
ing the ideas presented and for ex- 
cluding any rambling or unnecessary 
material. Each problem was planned 
to familiarize the student with a dif- 
ferent phase of testing so the scope 
of the course would not be changed 
and the student would get his basic 
background knowledge through indi- 
vidual problems. An example of this 
diversification is shown by the experi- 
ment dealing with the stress-strain 
recorder: 
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“You are employed by a manufac- 
turing plant as head of the testing 
laboratory. A salesman has proposed 
that the company purchase an auto- 
matic stress-strain recorder for use on 
your testing machine. Your responsi- 
bility is to use the device and your 
own machine to verify the physical 
characteristics of the material em- 
ployed in the saleman’s demonstra- 
tion. You are not trying to sell the 
equipment, but the decision to pur- 
chase will be based largely on your 
report. The management, of course, 
has full technical knowledge of your 
operation; a complete but terse pres- 
entation of your findings is desirable. 
You are to write a procedure for your 
testing group to follow as they pre- 
pare a report on the advantages and 
accuracy of the equipment.” 

The above plan has been in opera- 
tion for two years, and has been a 
source of satisfaction to all concerned. 
One of the few difficulties encoun- 
tered was that occasionally the stu- 
dent writing the procedure expressed 
himself too vaguely for the experi- 
menters to follow readily. This was 
overcome to a considerable extent by 
requiring that an outline of the pro- 
cedure be included in the report. 
The outline both improved the report 
and gave experimenters a clearer pic- 
ture of the problem. 

In preparing these procedures, the 
students write fewer total reports, but 
the experience in giving clear instruc- 
tions more than offsets any lack of 
practice in composition. The students 
now ask questions that show interest 
and comprehension of test methods. 
Finally, the approach used here, that 
of writing procedures and executing 
them, need not be confined to testing, 
but can be used with equal success in 
many other laboratory courses. 
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VOLUMETRIC EFFICIENCY 


A Critical Evaluation 
of an Ambiguous Term 


From the mechanical engineer's 
viewpoint, one of the most abused 
concepts in the realm of applied ther- 
modynamics is that of volumetric effi- 
ciency. A concept which is basic to 
the analysis and performance of posi- 
tive displacement machinery, volu- 
metric efficiency seems to mean a 
number of different things to different 
people. Although mechanical engi- 
neers feel intuitively that volumetric 
efficiency is the ratio of the amount 
of gas drawn into a piston engine or 
compressor to the displacement of that 
machine, various sources define the 
term from conflicting points of view. 
This lack of uniformity among au- 
thors has been a source of confusion 
to students in successive courses deal- 
ing with thermodynamics, heat power, 
and internal combustion engines. 


Compressors 


For the analysis of air compressors, 
most writers define volumetric effi- 
ciency as the ratio of free air delivered 
(in cubic feet) to the piston displace- 
ment (cubic feet); free air, of course, 
is defined as the air drawn through 
the suction or inlet valves. Some au- 
thors, however, define volumetric effi- 
ciency as a weight or mass ratio: i.e., 
the mass of fluid actually inducted per 
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stroke divided by the theoretical mass 
of fluid required to fill the piston dis- 
placement volume under atmospheric 
conditions. When a perfect gas rela- 
tionship is assumed, the two defini- 
tions are equivalent; nevertheless, the 
apparent contradiction is an irritation 
to the student. Also, the conversion 
from mass to volume implies addi- 
tional assumptions which are not al- 
ways obvious. 

A more serious disparity lies in the 
development of either definition into 
a usable mathematical relationship. 
The development can be found in any 
engineering thermodynamics text and 
will not be included here, but the 
usual thermodynamic treatment in- 
volves the use of several quantities: 
C = per cent clearance expressed as a 
decimal fraction; P, = the pressure of 
the fluid in the cylinder at the start 
of compression; P, = the pressure of 
the fluid at the end of compression; 
n =a polytropic exponent; and P, = 
the pressure of the fluid under “free” 
conditions. 

This last quantity is the major point 
of contention. When all the quanti- 
ties are considered, the expression for 
volumetric efficiency is 


565 Journat or ENGINEERING Epucation, MarcH, 1956 


| 


566 JOURNAL OF ENGINEERING EDUCATION 


However, some authors completely 
ignore the effect of throttling across 
the intake valve and tacitly assume 
that P, = P,. Although most thermo- 
dynamic studies are based on simpli- 
fying assumptions, this one contributes 
little, if anything, to the analysis. 
Throttling, or some other significant 
irreversible expansion, most assuredly 
does occur across the suction valve, 
and this fact should be pointed out 
to the student. 

The problem is further confused by 
failure to distinguish between wet 
and dry gas. Generally, this distinc- 
tion is not made in an introductory 
thermodynamics course, but certainly 
it should be in subsequent studies. 
Unfortunately, many authors neglect 
this phase of the material even when 
the rest of their analysis is rigor- 
ous. All definitions of volumetric ef- 
ficiency are evasive in this respect, but 
inasmuch as, say, compressed water 
vapor is not the desired end product 
from an air compressor, it may be as- 
sumed that bone dry air should be 
considered. A few psychrometric cal- 
culations can yield the desired result. 
Although the analysis is somewhat 
more complex than the case of throt- 
tling across the intake valve, it should 
at least be mentioned. 

In most instances, neglecting both 
throttling at the intake and moisture 
in the gas will not change significantly 
the magnitude of the volumetric ef- 
ficiency for any given compressor. 
The value of more accurate and real- 
istic considerations lies in the training 
given to the student. He should be 
made aware of the existence of these 
factors so that, if the necessity ever 
arises, he can cope with them success- 
fully. At least he can intelligently 


neglect their effects rather than be 
completely ignorant of them. 
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The case of volumetric efficiency 
for a piston type internal combustion 
engine also deserves more consistent 
and complete treatment by author- 


‘ities. Here there is reasonable agree- 


ment for the air standard engine; the 
disparities occur for the real engine. 
Also, for neither engine is any attempt 
made to develop an expression in 
terms of clearance and related factors. 


Internal Combustion Engines 


To illustrate, the following defini- 
tions are taken from two popular in- 
ternal combustion engine texts and an 
equally popular heat-power text: 


“Volumetric efficiency is defined as the 
ratio of the charge inducted, at the atmos- 
pheric conditions surrounding the engine, 
to the piston displacement. Only the vol- 
ume of air inducted is considered when 
using liquid fuel.” 

“The volumetric efficiency of an engine is 
defined as the ratio of the actual weight of 
air inducted by the engine on the intake 
stroke to the theoretical weight of air that 
should have been inducted by filling the 
piston displacement volume with air at at- 
mospheric temperature and pressure.” 

“Volumetric efficiency may be defined as 
the quotient of the volume of the com- 
bustible charge drawn in, reduced to stand- 
ard temperature and pressure, divided by 
the piston displacement. It is really the 
ratio of the mass of the charge actually 
drawn in to an ideal mass. The standard 
conditions may be, 1) 60° F and 14.7 psia, 
2) the pressure and temperature of the at- 
mosphere surrounding the engine, or 3) the 
pressure and temperature at the entrance 
to the induction pipe.” 


By contrast the following definition 
appears in the test code of a large 
automotive engine manufacturer: 

“Volumetric efficiency is the ratio of the 
volume flow of moist air at the carburetor 


per unit time to the effective swept volume 
of the engine in the same unit of time.” 


As pointed out above, the first two 
statements are equivalent. The third 
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definition is different in that the “com- 
bustible charge” must necessarily in- 
clude both air and fuel; the choice of 
“standard conditions” also leads to an 
ambiguity. The last statement is still 
further away from the others, in that 
“moist air” (presumably humid) is 
specified; furthermore, the condition 
of the air at the carburetor could be 
different from the air in some other 
area adjacent to the engine. Unfor- 
tunately, the Society of Automotive 
Engineers does not deal with volu- 
metric efficiency, so that none of the 
above can be corroborated by any ac- 
cepted authority. 

Once again, it should be pointed 
out that the differences in results are 
not great. Yet it is regrettable that 
this lack of agreement exists, for it 
can lead the student to a mistaken 
concept of volumetric- efficiency. 

A striking example can be found in 
a problem (with answer), which ap- 
pears in a recent edition of another 
heat-power text. The problem ap- 
pears at the end of the chapter on 
internal combustion engines, in which 
the various performance characteris- 
tics are discussed. One of the charac- 
teristics is volumetric efficiency, de- 
scribed as the ratio of the actual 
weight of air inducted to the weight 
of free air equivalent to the piston 
displacement. 

The problem asks for the bore and 
stroke of a multicylinder four-stroke 
cycle engine, and the following in- 
formation is given: brake horsepower 
output, average piston speed, volumet- 
ric efficiency, mechanical efficiency, 
heating value of gasoline, theoretical 
air-fuel ratio (on weight basis), per 
cent excess air, brake thermal effi- 
ciency, stroke-bore ratio, ratio of den- 
sities of gasoline vapor to air, and the 


pressure and temperature of the air 
and gasoline vapor at the end of the 
the suction stroke. 

This is truly a splendid problem. 
It requires a good deal of careful, 
analytical thought. The student can- 
not plunge wildly into a haphazard 
solution, nor can he refer to any ex- 
amples included in the text to parrot 
a solution. He must sift the data, re- 
arrange so that they will yield addi- 
tional information, and then carry 
through to a solution. The problem 
is as thorough as it is basic, and the 
author deserves credit for having 
formulated it. 

When a text problem is as rigorous 
as the one in question, it is frequently 
advisable to include the answer so 
that the student will recognize 
whether or not both his method and 
calculations are correct. Unfortu- 
nately, in this particular illustration 
the answer given is incorrect by a fac- 
tor equal to the volumetric efficiency. 
From the statement of the problem, 
the volumetric efficiency does not 
even enter into the solution. The 
actual weights of air and fuel per unit 
time can be easily found, as can the 
specific volumes of these fluids in 
cylinder. From this information the 
total volume swept per unit time fol- 
lows directly. This can be expressed 
in terms of bore, stroke, and engine 
speed, and the desired answer can 
then be found with little difficulty. 

Whoever solved this problem ap- 
parently did not have a clear under- 
standing of volumetric efficiency. If 
he had, he would have recognized 
that volumetric efficiency was not a 
consideration if for no other reason 
than that the properties of “free air” 
were unknown. From the author's 
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definition of volumetric efficiency, at- Summary ¢ 
mospheric pressure and temperature Although volumetric efficiency can 

are necessary antecedents to finding logically be only a single concept, it A 
the volume of free air. 4, . seems to have been presented under 
In many instances, authors will several different interpretations. So 
compose the problems and then assign Jong as these divergencies or contra- 
graduate students or advanced under- dictions are continued, the student will 
graduates the labor of finding the encounter difficulties which may com- 
answers. This procedure generally pletely obscure more important con- 
proves satisfactory to all concerned, siderations. It can only be hoped that 
for the student learns a good deal something constructive will be done 
from his experience and the author is _ to alleviate the situation. Pending ac- 

spared the tedium of a very routine _ tion by some standardization commit-| 4 

task. However, it is imperative that _ tee or code organization, however, in- ‘ 

the student be well founded in the _ structors in the appropriate subjects | _,, 

subject and understand all of the con- should at least note the problem, and p 

cepts—which were lacking here. should clarify it as best they can. st 
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MOTION AND TIME STUDY | 

INTENSIVE COURSE 

si 

Washington University of St. Louis, Department of Industrial “ 

Engineering, will present a Motion and Time Study Intensive “ 

Course from June 6 through June 15. The course will help those ig 

attending to apply motion and time study in their own organizations a 

and to train other persons in conducting such studies. The material fi 

presented will emphasize establishing correct procedures before Ny 

work is started, as well as improvement of existing methods. U 

Further information can be obtained from the Department of In- A 

dustrial Engineering, Washington University, St. Louis 5, Missouri. t 

E 
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TORGERSEN HONORED T 

th 

The Heights Alumni Association of New York University re- ci 

cently honored Harold Torgersen, a member of the ASEE since o! 

1935, for twenty-five years of service to NYU. Former chairman 

of the Evening Education Division of ASEE, Professor Torgersen C 

is Assistant Dean of the College of Engineering, and Professor of Ct 

Electrical Engineering. fc 

ir 
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GRAPHIC SCIENCE 


Analysis—Synthesis—Communication 


Sponsored by the Division of Engineering Drawing 
Editor: Albert Jorgensen, University of Pennsylvania 


REPORT ON THE MIDWINTER MEETING OF THE DIVISION 


The Annual Midwinter Meeting of 
the Engineering Drawing Division 
held at the Illinois Institute of Tech- 
nology was highly successful. The 
program included interesting and 
stimulating papers. Topics discussed 
including drawing courses for students 
majoring in science, nomography, the 
relations of drawing and design, and 
the problems of simplified drafting. 

Chicago lived up fo its reputation 
as a convention city, and a new at- 
tendance record was set for the Divi- 
sion. At least twenty-two states and 
one province of Canada were repre- 
sented. Total registration exceeded 
180, topping the previous high (set 
also at Chicago), when one hundred 
fifty-five registered for the Midwinter 
Meeting at the Navy Pier Branch of the 
University of Illinois several years ago. 
Among those present were W. Leigh- 
ton Collins, Secretary of ASEE, and 
E. C. McClintock, Jr., Editor of the 
JourNAL OF ENGINEERING EDUCATION. 
This display of interest on the part of 
these representatives of the parent so- 
ciety is sincerely appreciated by the 
officers and members of the Division. 

At the meeting of the Executive 
Committee of the Division, reports of 
committees were received, and the 
following items approved, (1) chang- 
ing the name of the T-Square Page to 
that used in this issue, (2) the dates, 


January 30-February 1, 1957, for the 
next Midwinter Meeting, to be held at 
Rice Institute in Houston, Texas, and 
(3) the arrangements for the 1956 
Summer School (given below). It 
was also announced that the 1958 
Midwinter Meeting will be held at 
the General Motors Institute, Flint, 
Michigan. 

You are urged to “AIM FOR 
AMES” plenty early so that you can 
attend the entire Summer School for 
Engineering Drawing, which will be 
held at Iowa State College. Two 
hundred members are expected to be 
present. The School starts with regis- 
tration Wednesday afternoon, June 20, 
1956, and extends through Wednes- 
day afternoon, June 27. Note that 
these dates overlap those for the An- 
nual Meeting of the Society, which 
will be held at the same institution 
on June 25-29. 

The program for the School is being 
developed under the direction of Wil- 
liam E. Street, Chairman of the Divi- 
sion, with Professor James S. Rising 
of Iowa State College in charge of the 
local arrangements. (The January, 
1956, issue of the JourNAL gives in- 
formation concerning the host institu- 
tion.) U.S. highways 30 and 69 and 
the Chicago and North Western Rail- 
road run through Ames. If traveling 
by air, members of the Drawing 
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Division may make arrangements with 
Jim Rising, at Iowa State College, to 


March, 1956 


The headquarters for the School 
will be in Room 403, Marston Hall, 


have a car meet them at the Des and sessions will be held in the audi- | 7 
Moines airport, thirty-two miles south torium of the Electrical Engineering 
of Ames, for transportation to the Building nearby. Registration will 
campus. Ample housing is available open 4 P.M.—6 P.M., Wednesday, June 
in dormitories (Jim says they are 20, in the Memorial Union Building. | ¢ 
good ), hotels, and motels. There will The theme of the School will be 
be sufficient time for pre-registering “Evaluation of Engineering Drawing | 9 
and making housing reservations after for the Future.” A preliminary out- 
you receive the final program. line of the program follows. 
PROGRAM FOR THE SUMMER SCHOOL ON ENGINEERING DRAWING 
Iowa STATE COLLEGE, JUNE 20-27, 1956 ‘ 
Thursday, June 21 
g A.M. Address of Welcome and Response 
OBJECTIVES OF ENGINEERING DRAWING IN ENGINEERING EDUCATION 
R. R. Worsencroft, University of Wisconsin 
CORRELATION OF ENGINEERING DRAWING 6. 
I. L. Hill, Illinois Institute of Technology | 
2 P.M. MotIvATION NEEDED IN TEACHING ENGINEERING DRAWING Si 
E. D. Black, General Motors Institute 3- 
DrawinGc AND DEscripTIVE GEOMETRY Courses WHICH COMPLY 
THE ASEE Evatuation REPoRT 
R. A. Kliphardt, Northwestern University; H. C. Spencer, Illinois 9 
Institute of Technology; J. T. Rule, Massachusetts Institute of 
Technology; C. J. Vierck, Ohio State University 
7 P.M. ORIENTATION AS A FUNCTION OF ENGINEERING DRAWING 
S. P. Owen, Rutgers University 
INDUSTRIAL PLANNING AND DeEsicNn AS THEY RELATE 
TO THE Drawinc Room . 
J. A. Carroll, The Proctor and Gamble Company 
Friday, June 22 
g A.M. CREATIVE PROBLEMS FOR Basic ENGINEERING DRAWING 
Matthew McNeary, University of Maine 
A DAMPER ON AMERICAN SCIENTIFIC PROGRESS T 
R. W. Pearson, Radio Corporation of America 
GRAPHICS AND THE JOHN DEERE CoTTON PICKER SPINDLE 2 


C. Gordon Sanders, Iowa State College 
Wuat You WILL SEE AT THE JOHN DEERE Des Moines Works 
Bud C. Lundahl, John Deere Plant Superintendent 


: 
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1 P.M. 
7 P.M. 


Inspection trip to the John Deere Des Moines Works 


Dinner, Ladies Invited 
DRAWING OF TOMORROW 
B. L. Wellman, Worcester Polytechnic Institute 


A Surprise! 


Saturday, June 23 


g A.M. SIMPLIFIED DRAFTING AS PROPOSED BY THE BUREAU OF SHIPS 
R. Wallace Reynolds, California State Polytechnic College 
DIMENSIONING FOR Mass PRODUCTION 
P. G. Belitsos, General Electric Company 
DIMENSIONING AND CHECKING OF DRAWINGS 


H. C. Hesse, Valparaiso University 
How TO MAKE AND UsE TEACHING AIDS 
R. I. Hang, Ohio State University 
THE PRINTED Circuit 
W. J. Adams, Bell Telephone Laboratories 
EXAMINATIONS IN DRAWING AND DESCRIPTIVE GEOMETRY 
Irwin Wladaver, New York University 


2 P.M. 


6:30 P.M. Executive Committee Dinner 


Sunday, June 24 
3-6 P.M. Reception at the home of James S. Rising 


Monday, June 25 


g A.M. CHANGES IN THE ASA DraFTING STANDARDS 
R. P. Hoelscher, University of Illinois 

AMERICAN DRAFTING STANDARDS IN Basic Drawinc Courses 
R. S. Paffenbarger, Ohio State University 

CHANGEs IN DrawING EMPHASIS 


R. T. Northrup, Wayne University 
MovaBLeE SCALE NOMOGRAPHS 

J. N. Arnold, Purdue University 
A LEsson IN NOMOGRAPHY 

A. Jorgensen, University of Pennsylvania 
GRAPHICAL CALCULUS 

E. M. Griswold, The Cooper Union 


Tuesday, June 26 


2 P.M. Joint Conference with English Division 


EstHETIC FUNCTIONS OF ENGLISH 
James H. Pittman, Newark College of Engineering, and 
Frederic H. Higbee, State University of Iowa 
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EsTHETIC FUNCTIONS OF ENGINEERING DRAWING 
Wayne L. Shick, University of Illinois 

A GrapHic APPROACH TO ENGINEERING EDUCATION 
Frank A. Heacock, Princeton University 


6 P.M. Dinner, Ladies Invited 


Nomography Award ($100 for the best Nomograph of the year) 


The Distinguished Service Award of the Drawing Division 
MAKING F Aces 
Herbert V. Hake, Iowa State Teachers College 


Wednesday, June 27 


12 Noon Luncheon and Business Meeting 
2 P.M. Joint Conference with the Mathematics Division 


A GRAPHICAL APPROACH TO THE STUDY OF CALCULUS 
John F. Calvert, University of Pittsburgh 

AN OPERATIONAL SYMBOLISM FOR GRAPHICAL PROCESSES 
S. A. Coons, Massachusetts Institute of Technology 

GRAPHICAL ANALOGUES OF MATHEMATICAL PROCESSES 
J. F. Twigg, Massachusetts Institute of Technology 


REVISED ASTE DATA SHEET 
NUMERICAL INDEX 


The National Standards Committee of the American Society of 
Tool Engineers has recently made available a revised Data Sheet 
Numerical Index adapted from the U. S. Standard Commodity 
Classification System. The Index is intended to aid the tool engi- 
neer in selecting, filing, classifying, and comparing descriptions of 
all available tool engineering products. The Index comes in two 
parts: a Numerical Listing which shows the basic. seven-figure 
decimal arrangement, and the Alphabetical Listing, a subject-cross- 
referencing of the numerical material. Further information can be 
obtained from the National Standards Committee, American Society 
of Tool Engineers, 10700 Puritan Avenue, Detroit 38, Michigan. 
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eeeee YET-.-itupes 
VIEWS AND NEWS CONTRIBUTED BY 
The Young Engineering Teachers 
Joun L. ArtLEey, Chairman Harotp A. Forcxe, Editor 
Duke University University of Notre Dame 
SUMMER EMPLOYMENT-— 
A BUSMAN’‘S HOLIDAY 
Every year about this time many designed to show the possible benefits 
engineering teachers, especially the to be derived from such courses by 
younger ones, concern themselves the young engineer, by the company 
about summer employment. That and by the teacher. 
summer employment in industry is The banner cry today is “Funda- 
one very important and profitable mentals,” stress the science of engi- 
form of the various types of industrial neering, concentrate on basic prin- 
experience for engineering faculty ciples, de-emphasize the less stable 
members is affirmed by articles in the applications and current practices. 
Journat in recent years. These same This principle has been urged fre- 
articles indicate that it is also profit- quently by industrial and educational 
able to industry because for various leaders, and also by all the major 
reasons, ranging from the critical studies of engineering education in 
shortage of engineering talent to en- the past two decades. It must be 
lightened public relations, opportu- recognized, however, that while this 
nities for summer employment are on is the best possible preparation for 
y of the increase. long range professional needs, the stu- 
heet The purpose of these few para- dent’s immediate productivity after 
dity graphs is to propose an additional graduation is necessarily somewhat 
me benefit: that some companies might diminished. The new graduate is 
s of find it very profitable to employ col- faced with a somewhat longer transi- 
two lege faculty members during the tion period before he reaches full pro- 
ail summer, not for research or design fessional stature in any specialty than 
weal work, but for teaching. Specifically, might have been the case if certain 
n be they could offer flexible short courses senior courses had been tailored to 
“iety for the young company engineers, prepare him for such specialized 


who would thereby become more pro- 
ductive for the company and also 
continue to grow professionally. The 
following paragraphs will attempt to 
buttress this proposal with statements 


work. 

This transition phase, the first five 
years, is a critical time for the young 
engineer. While the final responsi- 
bility for professional development 
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naturally rests upon the engineer him- 
self, it has been recognized that the 
employers of these young men do 
have responsibilities in fostering pro- 


fessional growth. Apparently new em-— 


ployees in most of the larger indus- 
tries are at least partly provided for 
by the organized training programs 
which these companies already have. 
The employees of medium or 
smaller sized companies are not al- 
ways so fortunate, and the fact that 
men in smaller organizations some- 
times have closer contact with supe- 
riors does not always offset the lack 
of a thorough and well-planned train- 
ing program. What a boon it would 
be to such young engineers if sum- 
mer programs could be developed to 
give them some of the more special- 
ized knowledge they need to be pro- 
ductive, and to promote their profes- 
sional growth and development! 
There are many good reasons which 
in the past have kept smaller compa- 
nies from establishing organized and 
formal training programs. But equiv- 
alent results could readily be obtained 
if engineering teachers, especially 
young engineering teachers, would 
take the initiative (with company 
support) in designing summer courses 
to fit the needs of young engineers. 
Such an arrangement would have 
several advantages. It would give 
the companies an opportunity of ful- 
filling an obligation to their employ- 
ees and still of benefiting from in- 
creased productivity. This could be 
done without asking any of their reg- 
ular senior staff to drop or curtail 
their work for the “luxury” of giving 
some course, not to mention the fact 
that such staff members, however well 
qualified technically, simply might not 
enjoy, or have time for, teaching. 
What could be less disrupting of 
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normal routine and more convenient 
to all than bringing in for a short 
period a qualified man who has dedi- 
cated his life to teaching engineering? 
Viewed as part of an annual budget, 
his consulting fees would surely be in- 
significant in comparison to the bene- 
fits derived by getting together a com- 
pany and a teacher both having imag. 
ination and ingenuity. 

But, would engineering teachers 
want to “get away from it all” by 
going to industry for a summer to 
teach, a busman’s holiday if ever there 
was one? A little reflection indicates, 
however, that there may very well 
be some very good reasons why teach- 
ers might aspire to do just that. It 
borders on belaboring the obvious to 
state that there are many different 
types of engineering teachers, per- 
forming reasonably distinct functions 
in the whole of engineering educa 
tion. Such teachers might also profit 
from varied industrial experiences in 
research, design, or administration. 

And why not teaching? Assign- 
ment to work on some _ particular 
phase of one particular project may 
be very rewarding to both teacher 
and employer. But, while bringing 
the teacher up to date technically in 
some necessarily restricted area, which 
is good, it sometimes runs the risk of 
being a rather isolated piece of ex 
perience, making it difficult to ex 
trapolate the benefits to more general 
problems in engineering education. 
On the other hand, how better to get 
a broad sample of the problems which 
young engineers face than by working 
very closely with them in solving these 
problems through a teacher-student 
relation? The faculty members wil 
thereby encounter and become ac 
quainted not only with the newest 
technical developments and problems 
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SUMMER EMPLOYMENT 


(the better to teach specific courses ) 
but also derive a broader base of ex- 
perience with the more general prob- 
lems facing young engineers (the bet- 
ter to provide general advice and 
counsel for undergraduates ). 

In addition, the added challenges 
inherent in such a situation make it 
particularly attractive to some teach- 
ers. There are many aspects of teach- 
ing in the typical academic environ- 
ment which teachers view with mixed 
emotions. What teacher has not felt 
that his students were working for 
artificial goals such as grades, honors 
and awards, or simply to get by, view- 
ing each course as another obstacle 
which a sadistic administration has 
placed in the way of that all-impor- 
tant diploma? Students are seldom 
self-motivated because it is hard for 
them to sense the relevance of what 
they happen to be doing to what they 
will be doing after graduation. 


Do Quizzes Help? 


The student sees the periodic 
quizzes and examinations not as a 
means of self-evaluation of progress, 
but as so many pedagogical traumatic 
experiences. Then, too, the sections 
are frequently much too large for ef- 
fective personal contact with the in- 
dividual student and his difficulties. 
And if, perchance, some class de- 
velops a high interest in some par- 
ticular topic and is anxious to explore 
it in greater detatil, the teacher is 
cast in the role of a “cold water mer- 
chant,” forced to quench the coals of 
curiosity because, he still realizes that 
his course is a prerequisite to others 
and he must cover certain material in 
fairness to his colleagues. And, 
finally, the students are to a certain 
degree a captive audience, relatively 
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incapable of communicating effec- 
tively to the right people their praise 
of the superior or criticism of the me- 
diocre teachers. They go to the good 
and fair teachers alike, for they have 
few alternatives. 

Fancy now if you can a situation 
less encumbered by these obstacles to 
true learning. With a little imagina- 
tion and resourcefulness, would it not 
be possible for short courses in indus- 
try to make great strides in shucking 
off these impediments? Now em- 
ployed, the students could be self- 
motivated, responsible for evaluation 
of their own progress and could come 
if the teacher was effective, could 
avoid him if not. Individual atten- 
tion could be given to each student’s 
unique educational needs. It sounds 
almost too good to be true! Surely a 
teacher would find such summer ex- 
periences invigorating! 

So let us have more of these flexible 
and versatile summer courses in in- 
dustry. It seems that they could both 
provide immediate returns and en- 
hance the long-range professional de- 
velopment of the young engineer. 
They could be a way for some types 
of companies to profit technically 
while discharging their responsibilities 
to their young employees. Finally, 
such courses could provide very val- 
uable experience for the teacher to 
take back to his college or univer- 
sity work, providing him with an at- 
mosphere in which he could charge 
his educational batteries to withstand 
the steady drain of the typical college 
session. This kind of busman’s holi- 
day for engineering teachers ought to 
be more clearly recognized and ex- 
ploited as an important, rewarding, 
useful, and profitable form of summer 
work for college faculties. H. A. F. 


TEACHING POSITIONS AVAILABLE 


ASSISTANT PROFESSOR OR INSTRUC- 


tor to teach fundamental Electrical Engi-. 


neering courses in Midwest Engineering 
College. M.S. degree or teaching experi- 
ence desirable. Position available January 
1, 1956 or later. Good salary for qualified 
person. MAR-2 


PROFESSOR OF HEAT POWER OR 
Fluid Mechanics, interested in assuming de- 
partment headship; experienced teacher, 
doctor’s degree preferred. Wanted by east- 
ern metropolitan ECPD-accredited college 
for September, 1956, or sooner if available. 
MAR-3 


ENGINEERING FACULTY OPPORTU- 
nities at midwest college. Chairmanship of 
the Physics Department, salary open. Also 
opening for Electrical Engineering Instruc- 
tor or Assistant Professor in Power Field. 
Mechanical Engineering Instructor or Assist- 
ant Professor in Heat Power and Engineer- 
ing Mechanics. Instructor or Assistant Pro- 
fessor in Physics. Opportunity for graduate 
study. Housing available. Appointments 
to begin September, 1956. MAR-4 


ASSISTANT, ASSOCIATE, OR FULL 
Professor (rank depends upon training and 
experience) to teach Chemical, Civil, Elec- 
trical, and Mechanical Engineering courses. 
Individuals who desire to do research as 
well as teaching are desired. Opening Sep- 
tember 1, 1956, or sooner. Location South- 
east. MAR-5 


ASSISTANT PROFESSOR AND INSTRUC- 
tor at growing midwest engineering college 
in Department of Mechanical Engineering, 
effective fall semester 1956-57. Assistant 
Professor must have special experience or 
training in machine design. Teaching as- 
signment for instructor would include: Heat- 
Power, Manufacturing Processes, and Lab- 
oratory. Salary in both grades dependent 
upon qualifications. MAR-6 


INSTRUCTOR OR ASSISTANT PROFES-— 
sor to teach Electrical Engineering courses 
in a southeastern university. Instructor may 


obtain M.S., for Assistant Professor M.S. re- 
quired. Extra income for regular summer 
MAR-7 


school. 


INDUSTRIAL ENGINEER NEEDED CA- 


pable of organizing and teaching Industrial 
Engineering on the undergraduate level in 
a regular Mechanical Engineering degree 
program. Should be active in teaching and 
professional organizations. Salary and aca- 
demic rank depending upon degrees and ex- 
perience. Location, Ohio. Appointment to 
begin September, 1956. MAR-8 


HEAD OF OFFICE EXTENSION SERV- 
ices in the Institute of Technology, State 
College of Washington, Pullman, Washing. 
ton. Rank of Associate Professor or equiv- 
alent, salary for eleven months. Appoint- 
ment effective July 1, 1956. Additional in- 
formation may be obtained by writing G. 
A. Riedesel, Secretary, Committee for In- 
dustrial Services, 159 Engr. Lab. Bldg, 
W. S. C., Pullman, Washington. 


ASSISTANT PROFESSORS AND _IN- 
structors in Electrical and Mechanical En- 
gineering wanted by the College of Engi- 
neering, Marquette University, Milwaukee 
3, Wisconsin. Salary commensurate with 
qualifications. M.S. or work toward it de- 
sirable. Opportunity for part-time graduate 
work at state university. Please forward 
complete details of education, experience, 
and personal background to respective de- 
partment chairmen. 


HEADSHIP OF INDUSTRIAL ENGI- 
neering department. Requires background 
of professionally responsible management 
position in industry or government, plus 
good record of publications. Research and 
teaching experience desirable. Age range 
35-50; salary open; position to be filled 
before September, 1956. Write Chairman, 
Nominating Committee, Industrial Engi- 
neering Department, Pennsylvania State 
University, University Park, Pennsylvania. 


ASSISTANT PROFESSORS, INSTRUC- 
tors, Research Assistants, and Graduate As- 
sistants needed in Engineering Mechanics. 
Excellent opportunities for graduate work. 
Write Joseph Marin, College of Engineering, 
The Pennsylvania State University, Univer- 
sity Park, Pennsylvania. 
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TEACHING POSITIONS AVAILABLE 


ELECTRICAL ENGINEERING STAFF 


opening at Colorado A & M College, Fort 
EDED CA- 


Collins, fall 1956. Healthful climate, good 
schools. Expanding department, new build- 
ing fall of 1957. Nine months appointment, 
rank and salary commensurate with qualifica- 
tions. Write Head, Department of Elec- 
trical Engineering. 


TEACHING POSITIONS IN ENGINEER- 
ing technology; teaching and industrial ex- 
perience desirable. B.S. or M.S. degrees. 


Cooperative program—Physics, Mathematics, 


Engineering Drawing, Machine Design, 
Strength of Materials, Tool Design. Posi- 
tions beginning September, 1956. Sinclair 
College, 117 W. Monument Ave., Dayton 2, 
Ohio. 


ASSISTANT DEAN OF ENGINEERING, 
Master’s degree preferred but not required. 
Salary to depend upon qualifications. Apply 
to: Dean W. A. Patterson, Fenn College, 
Cleveland 15, Ohio. 


ENGINEERING MECHANICS AND 
Civil Engineering teachers’ urgently needed 
to begin about September 15, 1956. Write 
to J. H. Murdough, Head, Civil Engineering 
Dept., Texas Technological College, Lub- 
bock, Texas. 


SIX OPENINGS IN ELECTRICAL AND 
Mechanical Departments. Teaching Assign- 
ments: Electric Power, Electronics, Physics, 
Heat Power, Engineering Drawing, other 
Mechanical Engineering subjects. Salary 
depends upon qualifications. Excellent 
fringe benefits. M.S. in E.E. or M.E. de- 
sired. Applicants with B.S. considered. 
Write to Earle M. Morecook, Chairman, Ap- 
plied Science Division, Rochester Institute 
of Technology, Rochester 8, New York. 


ENGINEERING FACULTY MEMBER TO 
head newly authorized Electrical Engineer- 
ing Department. Candidate should have 
M.S. or Ph.D. degree, with teaching and 
professional experience. Position to be filled 
before September, 1956. Salary open. Write 
to R. E. Gibbs, Dean, College of Engineer- 
ing, Bradley University, Peoria 5, Illinois. 


ENGINEERING DRAWING INSTRUC- 
tor starting July or September, 1956. Ideal 
college town in the Rocky Mountains. 
Write to Head, Department of Mechanical 
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Engineering, Montana State College, Boze- 
man, Montana. 


ELECTRICAL ENGINEERING  POSI- 
tion to teach undergraduate courses. M.S. 
required. Opportunity for graduate study, 
industrial consulting, or research. Rank 
and salary open. Start February or Sep- 
tember, 1956. University of Santa Clara, 
Santa Clara, California. 


MECHANICAL ENGINEERING POSI- 
tion open, Master’s degree or higher, some 
teaching or industrial experience. Grade 
and salary dependent on qualifications. 
Nine months per year. Also Agricultural 
Engineering position to teach farm struc- 
tures and machinery and power courses, as 
well as general engineering courses. In- 
structor or Assistant Professor rank. Salary 
commensurate with qualifications. Nine 
month appointment. Complete new Engi- 
neering Center under construction this 
spring. High and dry climate, no traffic or 
smog, good schools, lots of elbow room, not 
an A-bomb target. Write Dean of Engi- 
neering, Colorado A & M College, Fort Col- 
lins, Colorado. 


TO CONDUCT INDUSTRIAL MANAGE- 
ment major in small college. Teach 12 
hours including Industrial Management 
course; other courses depending on training, 
experience, and preference. Outside con- 
sulting allowed. Rank and salary accord- 
ing to degrees and experience. Send resumé 
to Robert J. Moore, Utica College of Syra- 
cuse University, Utica, New York. 


CHRYSLER INSTITUTE OF ENGINEER- 
ing again has openings on its full-time teach- 
ing staff. For: supervisor of engineering 
graduates working on individual automotive 
design projects as a part of their Graduate 
School course. Duties would also include 
supervision of graduate classwork. Desired 
qualifications are age 25-40; B.S. degree or 
higher in engineering; at least 2 years of 
college teaching experience; some design ex- 
perience, preferably automotive. Also a 
teacher and supervisor of Graduate School 
classwork. Qualifications are age 25-40; 
M.S. degree in engineering; experience in 
teaching Mechanical Engineering subjects. 
Write to Chrysler Institute of Engineering, 
Att: L. R. Baker, Director, P. O. Box 1118, 
Detroit 31, Michigan. 
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INSTRUCTOR AND ASSOCIATE PRO- 
fessor positions open in Mechanical and 
Civil Engineering, beginning September, 
1956. Rapidly growing school. Write to 
Executive Dean, 
Fresno, California. 


INSTRUCTOR AND ASSISTANT PRO- 
fessor in Engineering Drawing and Descrip- 
tive Geometry for September, 1956.  As- 
sistant Professor's rank requires Master’s 
degree. Retirement age of 70 offers opportu- 
nity for additional years of teaching to those 
forced to retire elsewhere at 65. Apply to 
Dean James R. Cudworth, College of Engi- 
neering, University of Alabama, University, 
Alabama. 


Fresno State College, ° 


TEACHING POSITIONS AVAILABLE 


CIVIL ENGINEER—TO TEACH SUR- 
veying, Highways, Fluid Mechanics, Mate- 
rials Testing, and Civil Engineering labora- 
tories. Should have M.S. or Ph.D., be 
active in technical and professional organ- 
izations. Salary and rank open depending 
upon degree and experience. Position starts 
September, 1956. Location, Ohio. MAR-9 


COMBINED TEACHING AND APPLIED 
Research positions in Physics, Electronics, 
and Mechanical Engineering. Contract re- 
search for industry and military. Ph.D. or 
M.S. required. Salaries comparable to in- 
dustrial. Staff encouraged to develop own 
research project ideas for sponsorship. Write 
to Assistant Director, Denver Research In- 
stitute, University of Denver, Denver 10, 
Colorado. 


CONSTRUCTION EDUCATION 
SUMMER SCHOOL 


Ames, lowa, June 29-30 and July 1, 1956 


The Civil Engineering Division announces a Summer School on 
Construction Education in conjunction with the ASEE Annual 
Meeting at Iowa State College. Conceived as a device for giving 
impetus and direction to the growing interest in construction educa- 
tion throughout the country, this Summer School will bring together 
representatives of education and industry to exchange views and 
experiences and to develop programs of cooperation and action. 


Friday Afternoon—Construction Industry Presentation 


Contractors Look at Engineering Education 

What Contractors Expect of Engineering Graduates 

Summary of the “National Conference on Construction Operations” 
held in Los Angeles in January, 1956 


Friday Evening—What Education Framework? 


Construction Option in Civil Engineering 
Construction Option in Architectural Engineering 
Construction Engineering Curriculum 

Graduate Study in Construction 

Technical Institute Program 
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CONSTRUCTION EDUCATION SUMMER SCHOOL 


Saturday Morning—What Special Subjects 


Methods and Equipment 
Costs and Estimates 
Construction Planning and Management 


Saturday Afternoon—How Can Industry Contribute? 


How AGC Chapters Can Assist the Engineering Colleges 
How Building Contractors Can Help 
Panel Discussion 


Sunday Morning—General Discussion 


Needs of Construction Industry for Engineers 

Challenge to Engineering to Embrace the Field of Construction 
Management 

What Special Construction Education is Needed? 

What New Developments Will Influence Tomorrow’s Construction? 

How Can the Construction Industry Best Aid and Guide Students 
and Faculties? 

What Are the Needs for Methods Research? 


Recess for Church 


Sunday Afternoon—Consideration of Resolutions 


Resolutions Committee to introduce resolutions expressing con- 
sensus of delegates on important points 


Discussion and action on resolutions 


Speakers and discussion leaders include outstanding persons 
from the construction industry and from construction engineering 
education. 

The program has been developed by Committee 6, Construction, 
of the Civil Engineering Division of ASEE, under the Chairman- 
ship of C. Martin Duke, Professor of Engineering, University of 
California, Los Angeles. Committee members are H. B. Blodgett, 
University of Nevada; A. N. Carter, Associated General Contrac- 
tors; A. L. Chambers, University of Kentucky; Ellis Danner, Uni- 
versity of Illinois; E. E. D’Appolonia, Carnegie Institute of Tech- 
nology; P. F. Keim, University of California at Berkeley; J. A. 
Oakey, North Dakota Agricultural College; J. J. Kennedy, N. O. 
Naval Base, and W. T. Hosmer, Iowa State College. 

Details of the sessions and arrangements will be given in the 
Civil Engineering Bulletin, and in the final program of the annual 
meeting. 
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NEW MEMBERS OF THE ASEE by 


ArGES, K. Pete, Assistant Professor of. 
Civil Engineering, Duke University, 
Durham, North Carolina. Edward K. 
Kraybill, Paul C. Stottlemyer. 

Batt, Lioyp D., Instructor Engineering 
Drawing and Machine Design, Univer- 
sity of Colorado, Boulder, Colorado. 
C. L. Eckel, F. S. Bauer. 

BANNON, RoBeErT E., Associate Professor 
in Metallurgy, Mechanical Engineer- 
ing, Newark College of Engineering, 
Newark, New Jersey. G. B. Thom, 
I. P. Orens. 

BarRNES, Epwarp M., Associate Profes- 
sor, School of Technical Training, 
Oklahoma A. & M. College, Stillwater, 
Oklahoma. H. P. Adams, Hugh Line- 
back. 

Wy Ley L., Associate Professor 
in Graphics, United States Air Force 
Academy, Aurora, Colorado. James S. 
Barko, Archie Higdon. 

Bisstr1, AuGusTo, JRr., Instructor of Engi- 
neering, Los Angeles City College, Los 
Angeles, California. B. W. Martin, 
A. L. Eller. 

Back, Loren T., Instructor of Mathe- 
matics, Long Beach City College, 
Long Beach, California. D. M. Wil- 
son, D. L. Trautman. 

Bonp, Rospert Epwarp, Assistant Pro- 
fessor in Drawing, College of Technol- 
ogy, University of Houston, Houston, 
Texas. Joseph A. Bennett, Charles P. 
Hayes. 

BRANDENBURG, Patrick Fisk, Assistant 
Professor of Mechanical Engineering, 
University of Wichita, Wichita, Kan- 
sas. John W. Dunn, L. U. Rastrell. - 

Branps, FRANK WILLIAM, Instructor in 
Electrical Engineering, Washington 
State College, Pullman, Washington. 
E. G. Ericson, A. L. Betts. 

BRINKMANN, THOMAS Henry, Assistant 
Professor in Industrial Relations, 
Northwestern University, Evanston, 
Illinois. C. E. Watson, P. W. Erb. 
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Brown, ELLswortH ALLEN, JR., Instruc- A 
tor of Mechanical Engineering, North- 
western University, Evanston, Illinois,[ 
R. L. Young, E. F. Obert. St 

Buus, R., Instructor of Gen-f J. 
eral Engineering, Hartnell College, 
Salinas, California. C. E. Cherry, Re 
L. Trautman. tol 

Burcer, WILLIAM, Dean of Students, Pi 
Colorado School of Mines, Golden, 
Colorado. F. R. Campbell, William Pe 
J. Chapitis. po 

Burner, Cuartes E., Lt. Col., Signal V 
Corps, Head, Military Science Depart- 


ment, Worcester Polytechnic Institute, 
Worcester, Massachusetts. M. M. Bor. M. 


ing, A. Bronwell. C 
Cups, RALPH DE S., Associate Profes- 
sor of Humanities, The Cooper Un- 
ion, Cooper Square, New York, New 


York. W. B. Eubler, R. W. Cumber) 
land. Ch 
Ciotuier, Rosert F., Administrator, Evan 
Technical Training, Westinghouse Te 
Atomic Power Division, Clairton, Pa. Ne 
John R. Van Horn, D. J. Ford. 30. 


CoTELLEsSA, RoBERT F., Assistant Pro- lin 
fessor of Electrical Engineering, New 
York University, New York, New York _ of 
J. H. Mulligan, G. Gerard. 

Crossy, Hersert A., Instructor, Elec) B. 
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Davison, Frank L., Methods Engineef G, 
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tor at Ohio Mechanics Institute, yw, 
cinnati, Ohio. Paul K. Johnston, EF pj 
M. Brodt. Co. 
Day, Davin A., Assistant Professor of ra 
Civil Engineering, University of Il- = 
linois, Urbana, Illinois. Thomas C. ia 
Shedd, Ellis Danner. Bel 


DENNING, MERLE ARTHUR, Head of Me- T 
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NEW MEMBERS 


pe Rivera, Horace LELAND, Lecturer of 
Mathematics, Northeastern University, 
Boston, Massachusetts. C. H. Berry, 
A. R. Foster. 

DryDEN, CHARLES E., Associate Professor 
of Chemical Engineering, The Ohio 
State University, Columbus 10, Ohio. 
J. H. Koffalt, Aldrich Syverson. 

DurFy, EucENE B., Engineer, Engineer 
Research and Development Labora- 
tories, Fort Belvoir, Virginia. E. E. 
Pickard, T. R. Jones. 

DycHE, Howarp Epwarp, Jr., Instructor, 
Pennsylvania State University-McKees- 
port Center, Pittsburgh, Pennsylvania. 
V. E. Neilly, M. Levine. 

EpLunD, F., Dean of Faculty, 
Lowell Technological Institute, Lowell, 
Massachusetts. Milton Hindle, M. E. 
Gelinas. 

ELDRIDGE, WINFIELD H., Instructor of 
Civil Engineering, University of Illi- 
nois, Urbana, Illinois. M. O. Schmidt, 
Charles S. Danner. 

Evans, Davin A., Supervising Engineer, 
Technical Publications Department, 
National Tube Division, Pittsburgh 
30, Pennsylvania. W. Leighton Col- 
lins, W. M. Lansford. 

FepELL, Ricuarp L., Instructor, School 
of Engineering, Colorado A. & M. Col- 
lege, Fort Collins, Colorado. Harold 
B. Mummert, Harry G. Lorsch. 

Foster, CHESTER, Instructor, Engineer- 
ing Drawing, Iowa State College, 
Ames, Iowa. James S. Rising, Charles 
G. Sanders. 

Fox, Jay, Instructor of Engineering, 
West Contra Costa Junior College, 
Richmond 10, California. Douglas 
Connelly, Lloyd E. Clifford. 

Czorce, Ropert B., Educational Ad- 
viser, Department of Extension In- 
struction, The Engineering School, Ft. 
Belvoir, Virginia. Edward E. Pickard, 
T. R. Jones. 

GotpMan, Jay, Lecturer in Industrial 
Engineering, Washington University, 
St. Louis, Missouri. D. A. Fischer, 
G. Nadler. 
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GoopMaN, Tuomas P., Assistant Profes- 
sor of Mechanical Engineering, Massa- 
chusetts Institute of Technology, Cam- 
bridge 39, Massachusetts. J. 
Shearer, C. Richard Soderberg. 

Grav, Herman, Assistant Professor of 
Mechanical Engineering, Polytechnic 
Institute of Brooklyn, Brooklyn, New 
York. Charles E. Schaffner, Albert D. 
Capuro. 

HAMILTON, Howarp Britten, Assistant 
Professor of Mechanical Engineering, 
University of Wichita, Wichita, Kansas. 
John W. Dunn, E. L. Cook. 

Hartz, Buy J., Assistant Professor of 
Civil Engineering, University of Wash- 
ington, Seattle, Washington. J. A. 
Higbee, J. E. Colcord. 

Hauser, Norbert, Instructor of Indus- 
trial Engineering, New York Univer- 
sity, New York 53, New York. Nor- 
man N. Barish, A. W. Rathe. 

Heap, Rosert R., Associate Professor of 
Mechanical Engineering, University of 
Alabama, University, Alabama. L. B. 
Almy, F. W. Candel. 

Hixson, A. NorMawn, Assistant Vice Pres- 
ident, Engineering Affairs, University 
of Pennsylvania, Philadelphia 4, Penn- 
sylvania. M. C. Molstad, C. C. Cham- 
bers. 

Hotes, Danie Joun, Instructor in 
Drawing, Milwaukee School of Engi- 
neering, Milwaukee, Wisconsin. C. O. 
Werwath, F. H. Kaufmann. 

Hoyt, BERNARD W., Instructor, Indus- 
trial Engineering, Syracuse University, 
Syracuse, New York. R. P. Lett, Bert 
H. Norem. 

Huanec, T. C., Assistant Professor in 
Mechanical Engineering, Oregon State 
College, Corvallis, Oregon. L. Slegel, 
W. H. Paul. 

HusBarpD, Puitie GAMALIEL, Assistant 
Professor of Mechanics and Hydraulics, 
State University of Iowa, Iowa City, 
Iowa. D. W. Appel, H. Rouse. 

Humste, M. Kerru, Director of Voca- 
tional Technological Institute, South- 
ern Illinois University, Carbondale, Il- 
linois. W. Leighton Collins, C. E. 
Kesler. 
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Hunter, Howarp L., Dean, School of 
Arts and Sciences, Clemson Agricul- 
tural College, Clemson, South Carolina. 
James H. Sams, K. W. Rausch. 


Jounston, ALBERT M., Staff Supervisor, - 


Technical Recruitment, Westinghouse 
Bettis Plant, Pittsburgh, Pennsylvania. 
John R. Van Horn, W. W. Culbertson. 

JoserH, Davin, Instructor of Electrical 
Engineering, Moore School of Elec- 
trical Engineering, University of Penn- 
sylvania, Philadelphia, Pennsylvania. 
J. B. Brainerd, R. M. Showers. 

KimBALL, Dean E., Assistant Professor 
of Electrical Engineering, Antioch Col- 
lege, Yellow Springs, Ohio. Robert 
A. Voelker, Donald J. Myatt. 

LauscHE, LUVERNE FREDERICK, Business 
Manager and part-time Associate Pro- 
fessor of Mechanical Engineering, Ohio 
University, Athens, Ohio. E. J. Taylor, 
P. H. Black. 

Levipow, W1L.1AM, Instructor in Elec- 
trical Engineering, Newark College of 
Engineering, Newark, New Jersey. R. 
E. Anderson, D. W. Dickey. 

LIENHARD, JOHN H., Jr., Instructor of 
Mechanical Engineering, University of 
Washington, Seattle 5, Washington. 
Donald D. McNeese, James B. Morri- 
son. 

LENZEN, KENNETH H., Associate Profes- 
sor of Applied Mechanics, University 
of Kansas, Lawrence, Kansas. Ken- 
neth C. Deemer, Thurmul F. Mc- 
Mahon. 

Lone, Cart F., Instructor in Civil Engi- 
neering, Thayer School of Engineer- 
ing, Hanover, New Hampshire.  S. 
Russell Stearns, W. P. Kimball. 

Lurxkin, JAMES MarkHaM, Instructor of 
English, University of Minnesota, Min- 
neapolis, Minnesota. L. O. Guthrie, 
H. E. Sauter. 


MaccaRONE, MIcHAEL B., Instructor, 


Mechanical Engineering, New York 
University, College of Engineering, 
New York, New York. Jack Como, 
Walter L. Schneider. 

Manison, M. Associate Professor 
of Mathematics, Colorado A. & M. 
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College, Fort Collins, Colorado. N. A. 
Evans, H. H. Schweizer. 

MARCHAND, ARTHUR J., JR., Instructor, 
Mechanical Engineering Department, 
Northeastern University, Boston, Mas- 
sachusetts. Arthur R. Foster, A. J. 
Ferretti. 

Martin, Tuomas L., Jr., Professor and 
Head Department of Electrical Engi- 
neering, University of Arizona, Tuc- 
son, Arizona. John C. Park, C. R. 
Hausenbauer. 

MEyYERHOFF, Howarp A., Scientific Man- 
power Commission, 1530 P Street 
N.W., Washington 5, D. C. M. M 
Boring, H. G. Hutton. 

MILLER, JouNn L., Assistant Professor, 
Electrical Engineering, Newark Col- 
lege of Engineering, Newark, New 
Jersey. Harry S. Dixon, Frederick R. 
Russell. 

MILLER, OwEN Winston, Instructor in 
Industrial Engineering, Washington 
University, St. Louis, Missouri. D. A. 
Fischer, G. Nadler. 

MILLER, WILLIAM Mackay, Instructor in 
Civil Engineering, University of Wash- 
ington, Seattle, Washington. R. 0. 
Sylvester, J. E. Colcord. 

MyYKKANEN, Donatp L., Research As- 
sistant Mechanical Engineering, Uni- 
versity of Illinois, Urbana, Illinois. 
Leo Pigage, Irvin L. Reis. 

GeorceE C., Instructor, Engi- 
neering Drawing and Machine De- 
sign, University of Colorado, Boulder, 
Colorado. C. L. Eckel, R. M. Oliver. 

W., Assistant Profes- 
sor of Mechanical Engineering, Oregon 
State College, Corvallis, Oregon. M. 
Popovich, W. H. Paul. 

Oyama, Martsuytro, Professor of Elec- 
trical Engineering, University of Tokyo, 
Hongo, Bunkyo-ku, Tokyo, Japan. W. 
Leighton Collins, T. J. Dolan. 

PARKER, JERALD D., Instructor of Mechan- 
ical Engineering, Oklahoma A. & M. 
College, Stillwater, Oklahoma. J. H. 
Boggs, R. E. Venn. 

Parsons, WALTER HERBERT, JRr., Direc 
tor of Instructions, Academic Division, 
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NEW MEMBERS 


The Engineers’ School, Fort Belvoir, 
Virginia. E. E. Pickard, T. E. Jones. 

PARTRIDGE, DoNnaLp B., Dean of Stu- 
dents, Philadelphia Textile Institute, 
Philadelphia 44, Pennsylvania. B. W. 
Hayward, C. A. Kapp. 

EpMunpD L., Jr., Instructor in En- 
gineering Drawing, Milwaukee School 
of Engineering, Milwaukee, Wiscon- 
sin. K. O. Werwath, Fred Kaufmann. 

PETERSON, JAMES EMMET, Instructor in 
Civil Engineering, Duke University, 
Durham, North Carolina. E. K. Kray- 
bill, P. C. Stottlemyer. 

Petry, ELMER E., Head of Engineering 
Drawing, Milwaukee School of Engi- 
neering, Milwaukee, Wisconsin. W. 
H. Bieck, F. H. Kaufmann. 

PoLtock, ALLEN E., Instructor of Engi- 
neering, Junior College, Kansas City, 
Missouri. J. L. Bennett, J. P. Bird. 

Pray, R. Forp, III, Instructor of Engi- 
neering Drawing, Syracuse University, 
Syracuse 10, New York. Carson P. 
Buck, George N. Page. 

Preston, A. Davin, Technical Personnel 
Manager, The Chemstrand Corpora- 
tion, Decatur, Alabama. B. B. Bright, 
L. E. Stone. 

Pyper, Gorpon Ricuarpson, Instructor 
in Civil Engineering, Norwich Uni- 
versity, Northfield, Vermont. G. R. 
Higgins, L. M. Laushey. 

RaGonE, Davin VINCENT, Assistant Pro- 
fessor of Chemical and Metallurgical 
Engineering, University of Michigan, 
Ann Arbor, Michigan. T. Boyle, W. 
Thomas. 

Rice, RopertT Barton, Head, Depart- 
ment of Diesel and I. C. Engines, 
North Carolina State College, Raleigh, 
North Carolina. F. W. Brown, W. J. 
Seeley. 

SCHENLER, WILLIAM WALTER, Assistant 
Professor of Civil Engineering, Wash- 
ington University, St. Louis, Missouri. 
L. E. Stout, A. A. Brielmaier. 

SEAVERNS, CHARLES FREEMAN, Assistant 
Professor in Drawing, Northeastern 
University, Boston, Massachusetts. E. 
F. Tozer, A. E. Sanderson. 


583 


Seymour, Asa M., Manager Technical 
News Department, Lenkurt Electric 
Company, San Carlos, California. 
Stanley G. Palmer, William L. Garrott. 

SHAFFER, BERNARD W., Associate Pro- 
fessor of Mechanical Engineering, New 
York University, New York, N. Y. A. 
H. Church, W. L. Schneider. 

SHERRILL, CHARLES I., III, Instructor 
Applied Mathematics, University of 
Colorado, Denver, Colorado. Paul E. 
Bartlett, Charles A. Hutchinson. 

ALFRED I., Chief of Engineer- 
ing Personnel and Planning, Chance 
Vought Aircraft, Dallas, Texas. K. F. 
Sibila, W. B. Carson. 

SNYDER, WILLIAM THoMas, Graduate 
Student in Mechanical Engineering, 
Northwestern Technological Institute, 
Evanston, Illinois. R. L. Young, D. 
D. Kilner. 

Storcu, Harotp, Assistant Professor of 
Engineering, Los Angeles State Col- 
lege, Los Angeles, California. Leslie 
Cromwell, William G. Plumtree. 

Stronc, JaMEs D., Colonel. Director, 
Department of Non-Resident Instruc- 
tion, The Engineering School, Fort 
Belvoir, Virginia. Edward E. Pickard, 
Thomas L. Jones. 

Tuacker, Henry Ray, Instructor in Civil 
Engineering Department, Sanitary En- 
gineering Division, Virginia Polytech- 
nic Institute, Blacksburg, Virginia. J. 
D. Eye, R. C. Brinker. 

TimMMER, DoNALD HENpRIK, Senior De- 
signer-Bridge, Gannett, Fleming, Cord- 
dry & Carpenter, New Cumberland, 
Pennsylvania. John T. West, Jr., K. 
W. Riddle. 

Tinney, Epwy Roy, Assistant Professor 
of Civil Engineering and Head, Hy- 
draulic Section, Division of Industrial 
Research, State College of Washing- 
ton, Pullman, Washington. E. G. 
Ericson, G. H. Dunstan. 

Tou, Juttus T. L., Assistant Professor of 
Electrical Engineering, University of 
Pennsylvania, Philadelphia 4, Pennsyl- 
vania. S. Reid Warren, Y. H. Ku. 
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TROLSEN, TuHor N., Technician Recruit- 
ing, General Electric Company, Sche- 
nectady, New York. M. M. Boring, 
L. E. Saline. 

Tucker, ALBERT Wiiu1aM, A. B. Dod 
Professor of Mathematics, Princeton 
University, Princeton, New Jersey. W. 
E. Restemeyer, W. Leighton Collins. 

TurNER, RicHarD Lewis, JR., Instructor 
in Electrical Engineering, University 
of Washington, Seattle, Washington. 
J. A. Higbee, C. L. Alley. 

TWELKER, Nei Henry, Acting Associate 
Professor in Civil Engineering, Univer- 
sity of Washington, Seattle, Washing- 
ton. J. A. Highbee, R. H. Meese. 

VanDycx, C., Administrative 
Assistant, Employee Relations General 
Office, Caterpillar Tractor Company, 
Peoria, Illinois. L. J. Fletcher, W. 
Leighton Collins. 

Wa.LaceE, JOHN M., Jr., Instructor in 
Electrical Engineering, Georgia Insti- 
tute of Technology, Chamblee, Geor- 
gia. F. O. Nottingham, R. L. Sweigert. 

Wank, KENNETH, JR., Assistant Professor, 
Mechanical Engineering, Purdue Uni- 
versity, West Lafayette, Indiana. 
Thomas B. Jefferson, John T. Agnew. 
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Wassink, Harry J., Professor of Engi- 
neering, Calvin College, Grand Rapids, 
Michigan. R. E. McKee, O. W. Bos- 
ton. 


.WEBsTER, WitFrip, Editor, The Ronald 


Press Company, New York, New York. 
G. W. Farnham, T. E. Tornquist. 
Witson, JAMES VANGorDER, Professor of 
Electrical Engineering, United States 
Air Force Academy, Denver, Colorado. 

H. F. Marco, A. Higdon. 

Winston, Josepn, Assistant Professor of 
Electrical Engineering, Newark Col- 
lege of Engineering, Newark, New 
Jersey. D. W. Dickey, W. Jordan, III. 

Wo .rFartH, Harry W., Associate Profes- 
sor of Industrial Engineering, Univer- 
sity of Pittsburgh, Pittsburgh, Penn- 
sylvania. P. F. Fulton, A. G. Holz- 
man. 

ZAMPARO, JosEPH, Assistant Professor of 
Physics, Manhattan College, New York, 
New York. Brother A. Leo, Brother 
G. Kane. 


106 new members 
275 previously added 


381 new members this year 


and 1920-1923. 


Professor Emeritus John Clayton Tracy of Yale University, a member 
of the ASEE since 1907, died November 1, 1955, in New Haven, Con- 
necticut, at the age of 86. After graduating in 1892 with PhB and CE 
degrees, he began teaching in the Yale Civil Engineering Department 
and continued until his retirement in 1936. For 21 years head of the 
Department, he reorganized both Engineering Drawing and Engineering 
Mechanics courses. His major contributions to engineering education 
were made in changing the Sheffield Scientific School from a three-year 
to a four-year program, and in establishing first a division and later a 
separate School of Engineering at Yale. Professor Tracy was a Life 
Member of the ASEE, and member of the General Council 1912-1915 
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MATHEMATICS IN ENGINEERING 


Report of Pasadena Conference 


The recommendations given below are the results of an exploratory 


meeting held on November 28-29-30, 


1955. The topics agreed 


upon will be developed further at an open Summer Institute conference, 
sponsored jointly by ASEE and the National Science Foundation, to be 
held at the University of Michigan, Ann Arbor, on June 20-21-22, 1956. 


The present rapid developments in 
the various engineering disciplines are 
bringing both the research and design 
engineer into an increasingly intimate 
contact with new and diverse fields 
of the mathematical sciences. Since 
this trend promises to increase stead- 
ily with future engineering advances, 
the role of mathematics in the engi- 
neering educational program should 
be under continual assessment. 

A preliminary evaluation of the 
role of mathematics in engineering 
was made by a group of 22 engineers 
and mathematicians at an invitational 
conference held in Pasadena, Cali- 
fornia, on November 28, 29, and 30, 
1955. This closed conference was 
sponsored jointly by the American 
Society for Engineering Education 
and the National Science Foundation, 
in cooperation with the California In- 
stitute of Technology and the Univer- 
sity of Michigan. The organization 
was effected by a planning committee 
consisting of Dean George Granger 
Brown, University of Michigan, Co- 
Chairman; Dr. Richard S. Burington 
Bureau of Ordnance, U. S. Navy; 
Professor Paul F. Chenea, Purdue 


University; Professor Howard W. Em- 
mons, Harvard University; Dr. George 
H. Hickox, National Science Founda- 
tion; President William V. Houston, 
The Rice Institute; Dr. Hillel Poritsky, 
General Electric Corporation; Profes- 
sor F. C. Lindvall, California Institute 
of Technology, Chairman. 

The participants were chosen by 
this committee to give as wide a rep- 
resentation of the different engineer- 
ing and mathematical fields as pos- 
sible from the academic, research, and 
industrial points of view. The agenda 
for the three full days of round-table 
discussions drawn up by the planning 
committee included four broad topics: 


(a) An interchange of ideas among 
the engineers on the mathematical 
trends and requirements in their re- 
spective fields. 

(b) A review of the interplay be- 
tween mathematics and engineering, 
with an evaluation of the role that 
several new fields of mathematics 
might come to play in engineering. 

(c) Consideration of the present 
and future mathematical content and 
philosophy for both undergraduate 
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and graduate curricula in engineering. 
(d) Broad planning of a general 
open meeting to be held at the Uni- 
versity of Michigan in June, 1956, 
under the joint sponsorship of ASEE 
and the National Science Foundation 
to amplify the conclusions reached 
under items (a), (b), and (c). 


Michigan Meeting 


The general plan evolved by the 
conferees for the meeting at the Uni- 
versity of Michigan, Ann Arbor, in 
June, 1956, provides for between six 
and eight half-day sessions. The ses- 
sions will be devoted to the following 
areas: probability, statistics, numerical 
analysis and computers, systems analy- 
sis and synthesis, and continuum 
mechanics. 

Typical sessions will consist of two 
invited addresses by outstanding 
speakers, one of whom is primarily 
interested in the mathematical aspects 
of the particular topic, while the other 
is primarily concerned with the use 
of that particular field in engineering. 
The program is designed to stress 
those areas of mathematics which are 
finding new uses in engineering, and 
will emphasize the interaction of the 
disciplines of mathematics and engi- 
neering. It is also hoped that at least 
one session will be devoted to a panel 
discussion concerned with the impact 
of these new fields of mathematics 
on education for science and engi- 
neering students. 


The Role of Mathematics in Engineering 


In general, it can be said that there 
are three principal facets of mathe- 
matics as applied to the engineering 
sciences: 

(1) The use of mathematical lan- 
guage, structures, and concepts in the 
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expression and formulation of the 
basic physical laws upon which engi- 
neering rests. 

(2) The distillation of complex en- 


’ gineering systems and physical phe- 


nomena into mathematical models 
which are descriptive of the engineer- 
ing systems, and which therefore may 
be suited to quantitative analysis. 

(3) The use of mathematical tech- 
niques to carry out quantitative analy- 
sis in established models. 

It is true that an engineer employs 
mathematical knowledge and _ tech- 
niques to widely varying degrees, de- 
pending on the level of sophistication 
and needs of his particular work. 
Nevertheless, it was felt that since the 
scope of mathematics applicable to 
engineering is expanding so rapidly, 
all engineers should possess sufficient 
“mathematical literacy” to determine 
more or less in what category diffi- 
culties may lie, to know when to turn 
to a specialist for advice, and to be 
able to communicate effectively with 
such persons. 


New Fields of Mathematics in 
Engineering 


Certainly classical fields of mathe- 
matical analysis such as differential 
equations, function theory, and_ the 
calculus of variations are widely em- 
ployed in engineering. Moreover, 
much research remains to be done in 
these fields, both by the mathemati- 
cian and engineer, particularly toward 
the understanding of various phases 
of nonlinear phenomena in continuum 
theory. 

Despite this, most conferees were 
more concerned with the appearance 
of entirely new fields of mathematics in 
engineering science over the past two 
decades. The field of mathematical 
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MATHEMATICS IN ENGINEERING 


statistics has become an important 
adjunct for both the design and test 
engineer. Probability and the the- 
ories of statistical estimation are also 
finding increasingly significant appli- 
cations in the fields of guidance and 
control. The theory of probability, 
with particular emphasis upon. sto- 
chastic processes, is now the basis of 
much of the work in modern electrical 
and communications design. 

The use of probabilistic and statis- 
tical models to describe complex engi- 
neering systems and to formulate de- 
sign criteria for such systems is be- 
coming increasingly widespread. The 
wartime operations research and the 
former engineering “common sense” 
have evolved to include broader 
mathematical structure (e.g., linear 
and nonlinear programming, theory 
of games) which has. led to certain 
broad scientific principles for analyz- 
ing and synthesizing exceedingly com- 
plex engineering systems. 

Finally, the advent of high-speed 
computing machines has given the 
engineer an important tool, both for 
engineering analyses and syntheses. 
It has also given rise to fresh develop- 
ments in the mathematical field of 
numerical analysis. In the applica- 
tions of numerical analysis and com- 
puting machines, many of the con- 
ferees expressed apprehension about 
the present and future misuse of high- 
speed machines, because of the lack 
of mathematical background and lit- 
eracy on the part of engineers and 
applied scientists. 


The Teaching of Mathematics to 
Engineering Students 
The calibre and continuity of the 


high school mathematics preparation 
are basic to any discussion of the 
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mathematics program for engineering 
students. The conferees were not will- 
ing to accept a policy of lowered ad- 
mission standards, with remedial work 
as part of the normal college program. 
Rather, it was believed that engineer- 
ing colleges should insist that those 
students who wish to complete their 
training in the normal time must come 
prepared to start a course in calculus 
and analytical geometry at the begin- 
ning of their freshman year. For this, 
a sound training in the bulk of the 
material usually covered in a two-year 
high school algebra course is needed, 
as well as analytic trigonometry, the 
basic ideas of plane geometry, and a 
small amount of solid geometry. 

It was also noted that several lead- 
ing engineering schools no longer re- 
quired solid geometry for entrance, 
and that many others are dropping 
this requirement. It was felt that the 
usual year spent in plane geometry 
has not been effectively used and that 
the course in trigonometry should em- 
phasize the analytical aspects of the 
subject, with comparatively little em- 
phasis on “solving triangles.” 

It was considered important that 
those high school students expecting 
to major in science or engineering 
in college should take mathematics 
throughout their entire last year in 
high school, as continuity of effort be- 
tween secondary school and college 
is exceedingly important. A gap of 
a year without mathematics seriously 
handicaps a student who must com- 
pete with classmates who are freshly 
prepared. It is suggested, therefore, 
that wherever possible high schools 
should offer four years of mathemat- 
ics, with the first three-year sequence 
revised along the lines indicated 
above. The fourth year could then 
contain additional algebra, coordinate 
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geometry, and some elementary cal- 
culus. For adequately staffed high 
schools, too, a college-type course in 
calculus and analytic geometry could 
be offered to replace the first year 
college course. 

The objectives of mathematics 
training in college are threefold: 


(1) to give an understanding of the 
structure of mathematics; 

(2) to give an understanding of the 
interrelation of mathematics 
with engineering problems; 

(3) to develop manipulative skills. 


It is primarily the function of the 
mathematician to give the student 
some understanding of the nature and 
structure of mathematics and how 
mathematics differs from experimental 
science. The second function is car- 
ried out by instructors in science and 
engineering, who show how problems 
of science and engineering are form- 
ulated in mathematical language, and 
how the results of solving the mathe- 
matical problem are interpreted phys- 
ically. Manipulative skills can and 
should be developed in all courses 
which use mathematics. 

With the limited time available in 
the undergraduate engineering course, 
and the increasing demand for addi- 
tional subject matter, it is essential 
that close liaison be maintained be- 
tween instructors of mathematics, en- 
gineering, and science courses. This 
liaison should not be confined merely 
to knowing the topics taught in vari- 
ous courses. The mathematicians 


must be conscious of the way in which 
engineers will need to use mathemat- 
ics, and engineering instructors must 
understand the point of view of 
professional mathematicians. In the 
same way, instructors in the various 
branches of the engineering sciences 
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must maintain equally close liaison 
with each other. 

Further, experience has shown that 
a significant number of engineering 


‘graduates have forgotten their basic 


mathematics. Only by continued use 
can mathematics be made a part of 
the engineer’s effective equipment. 
Engineering instructors are urged to 
make maximum use of the students’ 
mathematical preparation in junior 
and senior engineering courses, as 
well as accepting the responsibility of 
introducing new mathematical topics 
as needed. 


Report of the Curriculum Subcommittee 
(Bowker Committee) 


Early in the conference, a subcom- 
mittee was chosen to formulate an 
ideal mathematics curriculum in en- 
gineering. Their report follows: 

The general trend toward the use 
of more mathematics in engineering 
will unquestionably result in addi- 
tional mathematics courses in grad- 
uate and undergraduate curricula. In 
view of the heavy work load in engi- 
neering programs, it is not feasible 
to recommend any general increase in 
the number of courses. 

Most of the recommendations take 
the form of elective courses, with the 
expectation that many areas of engi- 
neering will find it desirable to sug- 
gest or require them, and adjust other 
items in the curricula accordingly. 
An ideal solution would be to include 
some first year mathematics in the 
secondary school program, perhaps 
even a year’s college level course in 
calculus and analytic geometry, and 
to use the time thus created in the 
engineering program for additional 
mathematics. 

In addition to specialized advanced 
courses in the branches of mathematics 
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important for engineering, the intro- 
duction of new material in the basic 
calculus courses should be under con- 
stant consideration. It is difficult to 
see how much material on statistics 
can be included, particularly in view 
of the desirability of close coordina- 
tion between beginning courses in 
mathematics and physics. 

There are, however, several oppor- 
tunities in elementary calculus to in- 
troduce and stress numerical methods, 
and these should be fully exploited. 
As a matter of fact, all applied courses 
in mathematics should take account of 
the growing use of mechanical and 
electronic computers and should put 
increasing emphasis on numerical 
techniques. 

The single course beyond calculus 
that we feel should be required of all 
engineering students is a one-semester 
course in differential equations. A 
rudimentary knowledge of differential 
equations is essential to an under- 
standing of physical laws and is the 
logical capstone of the calculus. 
Since this course may be terminal for 
some students, it should contain 
enough discussion of the general na- 
ture of differential equations to permit 
a student to identify linear and non- 
linear types and to distinguish ordi- 
nary from partial differential equa- 
tions. 

It should concentrate, however, on 
linear ordinary differential equations 
with constant coefficients (and per- 
haps include the corresponding differ- 
ence equations ). It should introduce, 
both as a pedagogical and practical 
device, some of the standard numer- 
ical techniques, which may necessi- 
tate the elimination of material on 
formal integration of special non- 
linear types often found in courses at 
this level. In teaching this course it 
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is important to emphasize the transla- 
tion from physical to mathematical 
problems and to interpret the solu- 
tions of the differential equations in 
terms of physical problems. 

It is desirable that the students be 
prepared to take calculus in their 
freshman year and that they should 
acquire in secondary school an ade- 
quate background for this purpose in 
algebra, trigonometry, and the use of 
coordinates. In these circumstances 
the differential equations course could 
come in the sophomore year, but, in 
any case, it should follow calculus 
immediately. 

After differential equations, the next 
priority should be given to a one- 
semester course in introductory statis- 
tical analysis. Some calculus should 
be prerequisite. It is the thinking of 
the Committee that this course will 
be required of an _ ever-increasing 
number of engineering students. Top- 
ics would include basic statistical no- 
tions: random variables and distribu- 
tion functions, the general concept of 
statistical decision-making, standard 
significance tests and estimates, and 


.an introduction to experimental de- 


sign. Some material on quality con- 
trol and sampling inspection should 
be included. 

Our third recommendation is that 
the mathematical curriculum contain 
a two-year elective sequence in ap- 
plied analysis for engineers. Ordi- 
narily a student would take one year 
as an undergraduate and the second 
during his first graduate year. The 
topics in this sequence would include 
(in some order) vector and tensor 
analysis, matrices, partial differential 
equations, special functions, boundary 
and initial value problems, complex 
variables, integral transforms, integral 
equations, and variational calculus. 


| 
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Two patterns seem to emerge for 
organizing this material into a two- 
year sequence. The first starts with a 
one-year course in advanced calculus 
for engineers based on one of the 
standard textbooks, in which almost 
all the topics listed above are men- 
tioned. The objective of this course 
is to provide students with mathe- 
matical literacy by acquainting them 
with a variety of mathematical con- 
cepts and techniques. The second- 
year course would then contain a 
more detailed discussion of some of 
the same topics. 

An alternative pattern is to have 
separate courses devoted to (1) vec- 
tors, tensors, matrices, (2) partial dif- 
ferential equations, (3) complex var- 
iables, (4) integral transforms and 
related topics. The objective here 
would be to provide a more detailed 
discussion of individual topics than 
is possible in a one-year composite 
course, and to emphasize the develop- 
ment of mathematical ability as op- 
posed to a broad acquaintance with 
mathematical topics. 

A further recommendation deals 
with the establishment of three one- 
semester elective courses dealing with 
newer areas which we believe are 
likely to be important in the future. 


These courses are: 


1. Modern computing possibilities, 
which would include some material 
on numerical analysis, some on the 
mathematization of engineering prob- 
lems, and some on the nature of ma- 
chine capabilities. 

2. Probability theory for electrical 
engineers, physicists, and possibly for 
industrial engineers interested in op- 
erations research. The course would 
be at the same level of mathematical 
sophistication as probability courses 
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frequently offered as part of a one- 
year sequence in mathematical statis- 
tics. For engineering purposes, em- 
phasis on combinatorial probability, 


‘finite problems, and manipulations 


with densities should be reduced in 
favor of presenting material on dis- 
crete and continuous stochastic proc- 
esses. 

3. Maxima and minima of functions 
for several variables under various 
kinds of restraints, including systems 
of linear inequalities. It would con- 
tain an introduction to linear pro- 
gramming, as well as its extensions 
and applications in engineering or 
logistics. Such a course might be 
labeled “Optimization in Multicom- 
ponent Systems.” 


The exact outline of these courses is 
something which needs to be worked 
out. Except perhaps in the comput- 
ing field, no standard courses of this 
sort have come to the attention of the 
Committee. 

The final recommendation is that 
funds should be found to support 
well-conceived curriculum construc- 
tion and experimental textbook writ- 
ing programs in these three fields. 

The following participated in the 
closed conference on the Application 
of Mathematics to Engineering: A. H. 
Bowker, Stanford University; Richard 
S. Burington, Department of the Navy; 
Paul F. Chenea, Purdue University; 
Stephen H. Crandall, Massachusetts 
Institute of Technology; Howard W. 
Emmons, Harvard University; W. L. 
Everitt, University of Illinois; George 
E. Hay, University of Michigan; F. 
C. Lindvall, California Institute of 
Technology; R. F. Mettler, Ramo- 
Wooldridge Corporation; Morris Os- 
trofsky, Westinghouse Research Labo- 
ratory; Hillel Poritsky, General Electric 
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Company; William Prager, Brown 
University; Allen E. Puckett, Hughes 
Aircraft Corporation; J. R. Ragazzini, 
Columbia University; L. I. Schiff, 
Stanford University; R. J. Seeger, Na- 
tional Science Foundation; J. J. Stoker, 
New York University; C. B. Tompkins, 


University of California at Los An- 
geles; A. W. Tucker, Princeton Uni- 
versity; J. Harold Wayland, California 
Institute of Technology; R. R. White, 
University of Michigan; C. R. DePrima, 
California Institute of Technology. 


HUMANISTIC-SOCIAL SUMMER SCHOOL 


Sponsored by: Humanistic-Social Division of ASEE 

Dates: June 28-30, 1956 

Theme: How Can Humanistic-Social Courses Be Taught Most 
Effectively? 

For information write: Melvin Kranzberg, Associate Professor of 
Social Studies, Case Institute of Technology, Cleveland, Ohio. 

Iowa State Coordinator: James Humphrey, English and Speech 
Department, Iowa State College, Ames, Iowa. 


This program, based on and developing from the Report of 
the Humanistic-Social Research Project, is focused on specific 
courses and how these are actually taught in the classroom. Each 
speaker will describe the course he offers, discussing (1) objec- 
tives, (2) content and organization, (3) reading assignments, (4) 
teaching methods, and (5) effectiveness of the course as given. 
The program will be of special interest to those engaged in teach- 
ing similar courses and to engineering educators concerned with 
fresh departures in teaching the humanistic-social stem. 


Thursday, June 28 


Afternoon: History of Science Courses 
Henry Guerlac, Cornell University 
Carl W. Condit, Northwestern University 
Thomas M. Smith, California Institute of Technology 


Friday, June 29 


Morning: Psychology Courses 
M. Carr Payne, Jr. Georgia Institute of Technology 
James T. Freeman, Iowa State College 


Afternoon: Western Civilization Courses 
Louis Furman Sas, The City College of New York 
John P. Fife, Stevens Institute of Technology 


Saturday, June 30 


Morning: American Civilization Courses 
Alfred D. Chandler, Massachusetts Institute of Technology 
Reginald C. McGrane, University of Cincinnati 


. 


THE ROLE OF PHYSICS 


IN 


The 


ENGINEERING EDUCATION 


The AIP Report—Editorial Note 


For several years, calls have been heard and preliminary steps taken 
toward a re-examination of the relationship between physics and engineering 
instruction. This need was recognized by the ASEE Committee on Evaluation 
of Engineering Education, which requested the American Association of 
Physics Teachers and through them the American Institute of Physics to study 
the matter. A committee was appointed, and its final report is given in full 
below. Through the courtesy of Dean Elmer Hutchisson, Chairman of the 
AIP Committee, and of Editor Robert R. Davis of Physics Today (which 
presented the report in December for the physics group) concurrent publication 
has been made possible for the ASEE. 


Report of a Committee of the American Institute of Physics 


THE REPORT IN BRIEF: The role of physics in engineering edu- 
cation is not a static one. It must respond and evolve with the 
momentous changes in both engineering and physics which are 
occurring continually. The predominant reliance of early engineer- 
ing upon art is giving way to a modern technology based squarely 
upon the physical sciences. Since the beginning of this century we 
have seen as much progress in physics as had been obtained in the 
whole previous history of mankind. Yet the obvious and enormous 
increase in subject matter of modern physics is not the most sig- 
nificant factor relating to the aim of instruction in physics in the 
education of engineers. On the contrary, the cardinal aim should 
be that of imparting to the student a point of view, an attitude of 
mind, and a capacity to deal with the principles and methods of 
analysis of contemporary physics, for, without training and experi- 
ence in these modes of thought, neither physicist nor engineer will 
prove competent to deal with the emerging problems of science 
and technology. 

In the interest of instilling this point of view with respect to basic 
principles and to the mastery of methods of approach, the Commit- 
tee makes the following recommendations which are discussed in 
detail in the report: 


1. Improved communication between engineers and _ physicists 
at the institutional level to discuss objectives and determine 
mutual needs. 

2. Early contact of engineering undergraduates with physics. 

3. Increased participation of research-minded professors in un- 
dergraduate teaching. 

4. Introduction of more challenging experiments in laboratory 
instruction. 
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5. Greater emphasis, particularly in textbooks of general physics, 
on ideas, principles, and methods. 
6. More appropriate use of mathematics in general physics 


teaching. 


7. Greater encouragement of experimentation in teaching. 


Foreword 


Presented herein is the final report of 
a committee established in December 
1954 by the American Institute of Phys- 
ics to study the role of physics in engi- 
neering education and to recommend 
ways of making the teaching of physics 
in engineering as effective as possible. 
This committee had its genesis in a re- 
quest made to the American Association 
of Physics Teachers (AAPT) by the 
Committee on the Evaluation of Engi- 
neering Education of the American So- 
ciety for Engineering Education (ASEE), 
which was appointed in 1952. The 
ASEE committee has been studying the 
patterns needed in engineering education 
to keep pace with the recent rapid de- 
velopments in science and technology. 
In this study, the Committee on Evalua- 
tion recognized that physics deserves 
special attention and made a request of 
the AAPT to appoint a committee for this 
purpose. In considering this problem, 
the AAPT concluded that the problem 
was so broad and of such importance 
that the American Institute of Physics, 
representing all physics in America, 
should be asked to set up the proposed 
committee. It was expected that the 
Institute’s committee would study and 
make full use of the results of the joint 
conferences between engineers and phys- 
icists, which had been or were being held 
on nuclear and solid-state physics, me- 
chanics, thermodynamics, and electrody- 
namics under the sponsorship of individ- 
ual universities, the ASEE, and the Na- 
tional Science Foundation. The present 
Committee was appointed and asked by 
the Institute to evaluate the teaching of 


physics in engineering education and to 
recommend means by which physics 
teachers could make the maximum pos- 
sible contribution toward developing the 
kind of engineers that are needed in the 
complex civilization in which we find 
ourselves. 

To obtain first-hand information in 
carrying out its work, members of the 
Committee in pairs visited 26 representa- 
tive colleges offering engineering pro- 
grams and discussed the physics courses 
within these programs with members of 
the staffs of both the engineering and 
physics departments. In addition, ques- 
tionnaires were sent to the physics de- 
partments of essentially all engineering 
colleges asking for detailed information 
on the physics courses offered in these 
schools. Reports of these visits and the 
replies to the questionnaire, as well as 
reports of the joint conferences men- 
tioned above, were studied by the mem- 
bers of the Committee. The present re- 
port has resulted from two extended 
meetings of the Committee and from 
critical discussions on the part of in- 
terested engineers. 

The Committee takes this opportunity 
of expressing its deep appreciation to the 
National Science Foundation for its in- 
terest and financial support and to the 
many engineers and physicists who have 
given so much of their time in assisting 
the Committee in obtaining the factual 
information upon which the recommen- 
dations included in this report are based. 

The members of the American Insti- 
tute of Physics Committee on the Role 
of Physics in Engineering Education are 
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the following: 


H. A. Barton, Director, American Institute 
of Physics 


J. W. Bucura, Associate Dean of College . 


of Science, Literature, and Arts, Univer- 
sity of Minnesota 

D. E. Campers, Manager-Research, Engi- 
neering Service Division, General Electric 
Company 

H. L. Drypven, Director, National Advisory 
Committee for Aeronautics 

H. FLercHer, Dean of Engineering, Brig- 
ham Young University 

W. V. Houston, President, Rice Institute 

J. A. Hurcueson, Vice President, Westing- 
house Electric Corporation 

R. B. Linpsay, Dean of the Graduate School, 
Brown University 
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D. H. Lovcurwce, Dean, Technological In- 
stitute, Northwestern University 

H. V. Neuer, Professor of Physics, Cali- 
fornia Institute of Technology 

R. J. SeEcEr, Assistant Director (Acting), 
National Science Foundation 

F. G. Stack, Former Chairman Physics De- 
partment, Vanderbilt University 

L. P. Smirn, Head, Department of Physics, 
Cornell University 

J. A. Srratrron, Provost, Massachusetts In- 
stitute of Technology 

W. W. Watson, Head, Department of Phys- 
ics, Yale University 

M. W. Wutrte, Professor of Physics, Penn- 
sylvania State University 

L. B. Borst, Head, Department of Physics. 
New York University (Secretary ) 

E. Hurcuisson, Dean of the Graduate 
School, Case Institute of Technology 
(Chairman) 


1. The Changing Scene in Physics and Engineering 


Physics and engineering have under- 
gone revolutionary changes during the 
past century both in their individual de- 
velopment and in their interaction one 
with the other. The ability of man to 
profit by and to build on the experiences 
of the past and to join together in or- 
ganized cooperative groups has _per- 
mitted a great expansion of our knowl- 
edge and understanding of Nature and 
also the development and construction of 
complex machines and structures far be- 
yond anything which would be possible 
through the ability of any one individual. 

The early physicist worked with rela- 
tively simple equipment and with con- 
cepts based primarily upon his mechan- 
ical experience. As a rule he worked 
with no or few assistants in a small lab- 
oratory or at a desk. With such simple 
resources he discovered the electron, 
x-rays, and radioactivity and thus opened 
the door to a flood of new discoveries 
which are still being announced at an 
ever-increasing rate in this twentieth cen- 
tury. These new discoveries have been 


the foundation of entire new industries. 
The physics of electron flow utilized in 
the vacuum tube brought forth the vast 


electronics industry with applications to 
radio, television, automatic control, and 
radar. Nuclear fission has resulted not 
only in new weapons of destruction but 
in a new power industry as well. These 
new industries in turn have provided the 
physicist with powerful new tools, not 
only to explore the atom, but through 
improved instrumentation to revive and 
to accelerate advances in such classical 
fields of physics as mechanics, thermody- 
namics, acoustics, electrodynamics, and 
optics. 

Today, although still depending greatly 
on individuals with deep insight, much 
of the progress of physics occurs through 
the strength of organized effort. The 
physicist draws on the immense resources 
of other branches of science and of en- 
gineering to do his part in advancing un- 
derstanding and knowledge which at an 
ever-increasing rate provide new oppor- 
tunities for engineering application. 

The early engineer practiced his pro- 
fession of building roads, bridges, build- 
ings, as well as “engines” of war, on the 
basis of empirical knowledge and experi- 
ence, passed down from generation to 
generation. Engineering was chiefly an 
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art with little relation to the science of 
the time. The ingenuity and talent of 
these early engineers are evidenced by 
the great cathedrals, water systems, 
bridges, and many other structures which 
are still standing. 

Gradually the projects taken on by the 
engineer widened in scope and com- 
plexity and gave rise to an important 
change in man’s way of life, known as 
the industrial revolution. The engineer 
built machines to convert the stored-up 
energy of fuels into useful mechanical 
energy. Again, much empirical knowl- 
edge was gained, but the engineer began 
to utilize new scientific discoveries and 
scientific methods of investigation, seek- 
ing to establish a rational basis for engi- 
neering decisions. New and difficult en- 
gineering problems were analyzed into 
their component scientific problems; the 
solution thus obtained expanded many- 
fold the engineer’s ability to cope with 
the increasingly complex requirements of 
our civilization for machines and struc- 
tures. 

What of the future? In what direction 
will engineering advance and what kind 
of emphasis is needed in engineering 
education to prepare young men to take 
full advantage of new knowledge being 
uncovered? These are difficult ques- 
tions but there are a few guide posts. 
We do know, for example, that man’s 
power requirements are at least doubling 
every decade. There is every evidence 
that this growth in demand will continue 
and that the engineer will be faced with 
the necessity for exploiting every possible 
source of energy to take care of the 
world’s insatiable demand for power. 
He will need not only to find ways of 
converting energy from one form to an- 
other more efficiently, but will also have 
to be able to develop new sources of 
energy such as that from the nucleus, the 
sun, and possibly even from the waves 
or the wind. 

As a second general guide, it seems 
inevitable also that man will be demand- 
ing continually more delicate and more 


rapid methods of controlling power. 
Automatic methods will pervade all 
branches of engineering. The civil engi- 
neer will use automatic methods in tasks 
ranging from surveying to the great 
movements of earth and steel that are 
needed in modern construction. To a 
greater and greater extent, factories will 
be automatically operated. The high- 
speed electronic calculator will supersede 
the slide rule and, in many cases, ele- 
ments of the human thought process it- 
self. Inevitably the sanitary, chemical, 
and metallurgical engineer and all other 
engineers will rely more heavily on sci- 
ence. The pace of scientific and engi- 
neering achievement is now such that 
obsolescence is a major consideration. 
Often, the engineer must embark on a 
long-range project which may be ren- 
dered obsolete by ideas or devices now 
only in the earliest stages of discovery 
or development. He will make the best 
decisions who can best evaluate the pos- 
sible scientific competition. 

The physicist in his quest for knowl- 
edge often may confine his study to one 
problem at a time, but the engineer 
must solve all problems in one integrated 
design synthesized from his knowledge 
of many disciplines. The engineer may 
be called upon to complete a task for 
which existing knowledge is incomplete 
or inexact; here he must rely upon judg- 
ment based upon long experience. But 
as knowledge increases and engineering 
becomes based more squarely upon phys- 
ical science, the greater the scientific 
grounding of the engineer, the better his 
engineering achievement. 

Teachers of physics and of engineer- 
ing, in turn, must adjust their teaching 
to these continuing changes in physics 
and engineering. The engineer dedicates 
his life to improving man’s physical well- 
being and health. His is a creative pro- 
fession and requires men of ingenuity, 
resourcefulness, and imagination. The 


engineer needs a broad understanding of 
the fundamentals of physics and other 
sciences whether they have immediate 
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application or not. He must be able to 
grasp the implication of new discoveries 
and the developing concepts of nature 
and be able to respond to the enthusiasm 


and stimulation of the creative scientist. - 


Also, he must have knowledge of the 
course of history and be well trained in 
the art of receiving, interpreting, and 


Il. Physics as it is Now Taught 


As was mentioned in the foreword, the 
members of the Committee are convinced 
that a report of this kind to be meaning- 
ful must be based upon first-hand in- 
formation gathered through actual visits 
to engineering institutions and on-the- 
spot discussions. The following para- 
graphs summarize the information ob- 
tained from such visits and give a reason- 
ably complete picture of physics as it is 
now taught in engineering colleges 
throughout the country. Numerical sta- 
tistics are given in the Appendix. 

The time devoted to physics in the 
engineering curriculum varies over wide 
margins. In several strong institutions 
two years are devoted to a general phys- 
ics course amounting to as much as 17 
to 20 semester hours. In many cases the 
time assigned to physics has been sub- 
stantially increased over the past decade 
and there is an apparent trend in this 
direction. Nevertheless, the program of 
physics most commonly found in engi- 
neering colleges is a course of 8, 10, 
or 12 semester hours. The courses with 
the smaller numbers of credit hours often 
start in the sophomore year. Three- 
fourths of the colleges visited or those 
who replied to the questionnaire fall into 
this category (see Appendix A). 

Mathematical prerequisites for physics 
vary from none except those required for 
admission (usually not less than higher 
algebra in high school) to one or two 
semesters of calculus. Simultaneous reg- 
istration in calculus is required in about 
one-half of the schools from which data 
were obtained, 
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communicating ideas to others. Yet, he 
must be taught that the engineer is a 
man of action, a doer, and a builder. To 
assist in training young men who can 
carry on these important tasks, the phys- 
icist and the engineer must work con- 
tinually as partners in engineering edu- 
cation. 


Atomic physics or so-called “modern 
physics” included in the general course 
averages about 10 per cent of the course. 
However, there is some evidence that if 
the numerous up-to-date examples of first 
principles cited in the several main divi- 
sions of physics, but not set apart as 
modern physics were included, the 
quoted percentages would be increased. 
In a few cases the time definitely de- 
voted to modern physics is as much as 
25 to 30 per cent. 

Two or three hours per week are 
generally devoted to laboratory work 
throughout the physics course. Devia- 
tions from this pattern are in the direc- 
tion of less laboratory. Laboratory sec- 
tions are taught in nearly all schools by 
graduate assistants under supervision of 
senior staff members. Lectures are al- 
ways given by senior staff. Recitations 
are generally under the direction of ma- 
ture staff members and are taught both 
by experienced teachers and advanced 
graduate assistants. In a number of in- 
stitutions, a critical study of laboratory 
instruction is taking place and already 
several basic changes have occurred 
which will greatly improve the effective- 
ness of laboratory instruction. 

The objectives of the elementary 
course as described by the majority of 
the physics departments are, with only 
a few exceptions, the teaching of the 
most general basic physical laws and 
conservation principles. A fraction (ap- 
proximately 20 per cent of those visited) 
emphasized problem-solving and the prep- 
aration of students for later engineering 
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courses. The historical development of 
science, the presentation of the scientific 
method, the coordination of mathemat- 
ics, understanding of physical laws and 
engineering applications were also men- 
tioned. Unfortunately, too often, the 
objectives had not been clearly thought 
through and there had not been enough 
discussion of these objectives with engi- 
neering staff members. 

Generally, the engineering depart- 
ments, when asked, agreed with the first 
of the above objectives. They wish the 
elementary physics course to be taught 
as a self-sufficient scientific discipline 
without special emphasis on engineering 
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applications except possibly as these are 
used pedagogically as motivation devices. 

An interesting trend is noted in a num- 
ber of institutions. In some this is rep- 
resented by new courses under a dis- 
tinctly new curriculum called Science- 
Engineering (or Engineering Science) 
which does not carry the designation of 
one of the usual engineering divisions. 
In others, the student is permitted to 
substitute physics courses for technical 
engineering courses, thus qualifying him 
for a science major under one of the 
usual engineering degrees. In contrast 
to this trend, in one institution, most of 
the work in general physics is taught by 
engineering departments. 


Ill. A Brief Appraisal of Present Courses 


In the preceding section we have a 
brief factual view of the physics courses 
being taught. The important question is, 
of course, “Are they being well taught?” 
As with many questions the answer must 
be both “Yes” and “No.” In some in- 
stitutions physics is very well taught; in 
others it certainly borders on the inade- 
quate. Also there are parts of some 
courses which are very well taught and 
other parts which certainly could be im- 
proved. This section of the report at- 
tempts to appraise frankly the good fea- 
tures as well as some of the shortcomings 
of physics courses now being given. 

There is widespread dissatisfaction 
among both physics and engineering fac- 
ulties with the encyclopedic coverage of 
the general physics course. This char- 
acteristic is often attributed to the exten- 
sive coverage of texts even though the 
teacher could, if he chose to do so, delete 
large sections from most texts. The de- 
sire is frequently expressed for a text 
with inclusion of basic principles and a 
minimum number of relevant but un- 
necessary materials and illustrations. A 
widespread opinion exists also that the 
physics program for the engineers should 


include more atomic, nuclear and solid 
state physics and that to an increasing 
extent examples from modern develop- 
ments in physics be used in the general 
course. It must be recognized, however, 
that the amount that can be introduced 
into the general course will not be suffi- 
cient for the engineer whose professional 
life will extend over the next half cen- 
tury. To include more of the modern 
developments, there is a growing ap- 
proval of an additional course, at least 
one term or semester in length, at ap- 
proximately the junior level and suitable 
for the engineer who has completed the 
general physics course and the parallel 
mathematics. 

In many institutions it is felt that the 
physics program is not assigned a suffi- 
cient fraction of the student’s time. It 
was stressed that the one-year course 
which is often given is not sufficient for 
inclusion of the subject matter all engi- 
neering students should have. The 
newer topics, particularly, cannot be pre- 
sented adequately within a one-year 
course. It is recognized that a reduction 
in the number of topics covered in the 
first year will help. But most physics 
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teachers and even many engineers are 
convinced that the gain will not be ade- 
quate to allow time for the inclusion of 
many present-day developments. At best 


the student will be left ill-prepared to. 


comprehend these newer topics. 

Unfortunately, the role of laboratory 
work in physics is often not clearly de- 
fined. It is interesting to note that some- 
times engineers rated it more highly than 
the physicists did. If the objectives 
sought in the laboratory instruction are 
the development of techniques and the 
use of measuring instruments, the labora- 
tory is generally considered to be suc- 
cessful. But if, as most teachers believe, 
it is to be an effective means of teaching 
principles, then improvement must be at- 
tained. The forward-looking experimen- 
tation now taking place will be watched 
with much interest. 

Engineers and physicists alike deplore 
the poor mathematical preparation often 
obtained by the student in the secondary 
school. This situation necessarily lowers 
the mathematical level of basic freshman 
courses. In some schools an appreciable 
fraction of the students must take reme- 
dial mathematics, thus spending time 
that should be utilized for other pur- 
poses. In any case, it is recognized that 
the appreciation of mathematics as a 
physical tool must be supplied or at 
least be enhanced by the physicist. 

In many institutions the members of 
the Committee found a great interest in, 
and really first-rate teaching of, physics 
for engineers. In others there is cer- 
tainly room for improvement. _Interest- 
ingly enough, improvements which the 
Committee would suggest and which 
form the basis for the recommendations 
in this report are not those which are 
sometimes mentioned in discussions be- 
tween engineers and physicists. For ex- 
ample, there is no evidence of less inter- 
est today in expounding both the classi- 
cal as well as the newer physics than 
existed decades ago. The great expan- 


sion of research in new fields has not 
caused the physicist to overlook the 
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classical areas of physics in his teaching. 
In fact, this very expansion makes it im- 
perative that from time to time we re- 
examine our teaching in terms of our 
present-day objectives. Only thus can 
we fulfill adequately our obligation to 
engineering education. 

A large majority of engineering depart- 
ments visited preferred to have the phys- 
ics taught by the physics staff. In this 
way the student can best be exposed to 
the points of view and the methods 
characteristic of a basic science with its 
primary goal of understanding nature. 

In a number of schools the engineers 
complain about the inadequacy of the 
preparation of the student who enters 
the first course in engineering mechanics, 
electricity, or thermodynamics. _ This 
may be an example of the almost uni- 
versal complaint which is made at all 
levels that the previous training of the 
student is inadequate. Surely it can be 
helped by those teaching the advanced 
courses if they will take the necessary 
pains to assist the student in transferring 
to later courses the knowledge and un- 
derstanding which he has gained from 
previous courses. However, to the ex- 
tent that it is justified with respect to 
physics and engineering it may be due 
to uninspired teaching, poor organiza- 
tion, inappropriate texts, insufficient time, 
deficient preparation of the student, or 
a combination of all of these. If any of 
these are at fault then, indeed, do we 
have a common problem to be discussed 
between engineers and physicists and to 
be solved in a sympathetic and effective 
manner. 

Communication between the various 
engineering departments and the phys- 
ics department often is not adequate. It 
is generally agreed that both formal and 
informal meetings of all those staff mem- 
bers who are doing the teaching will pro- 
vide an invaluable exchange of informa- 
tion of the course content and of the level 
of the performance of the students which 
is sought, expected, or actually attained. 
Such meetings are highly desirable and 
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will yield returns in a better curriculum 
and understanding of mutual objectives 
and problems. Such meetings do not 
presume a dictation of content of course 
material, nor of a method of teaching by 
one group for the other. Each depart- 


ment should be the final arbiter in its. 


own realm but the increased knowledge 
and the comments of the others may 


give a better background for a decision. 
The appreciation by the physicist of his 
contribution to engineering would be en- 
hanced by the exchange of points of view 
with engineers but it is not suggested 
that this lead to the teaching of engi- 
neering in the physics classes or to the 
teaching of physics in the engineering 
departments. 


IV. A Set of Goals for Physics in Engineering Education 


Perhaps the most important contribu- 
tion that physics can make to the training 
of engineers is to provide a knowledge 
and appreciation for (1) the methods 
that have been found effective in de- 
scribing the way nature behaves and (2) 
the concepts that have been derived 
therefrom. The body of physics as we 
know it today, which is considered essen- 
tial to an understanding of these prin- 
ciples and concepts, represents the dis- 
tillation and unification of knowledge 
gained over the past. The point of view 
of many physicists has been, and now is, 
that one should acquire an understand- 
ing of natural phenomena irrespective of 
any practical application. Such a view 
point has been eminently worthwhile 
since most modern technological de- 
velopments are direct applications of 
many of these principles that were once 
considered academic and without prac- 
tical use. 

It is our belief that an increasing seg- 
ment of the population and particularly 
those trained in technical fields should 
have an appreciation for the science of 
physics and the mode of thought which 
to such a large degree has been respon- 
sible for the phenomenal development 
of physics over the past decades. Spe- 
cific contributions which the physicist 
can, by virtue of his training, make to the 
education of an engineer are: 


(1) The physicist is, almost by definition, 
curious about the physical world in which 
he finds himself. It is hoped that some of 


this curiosity, and some of the satisfaction 
and enthusiasm resulting from increased un- 
derstanding, will be imparted to his students. 

(2) Along with understanding, the phys- 
icist also learns the limitation and scope of 
his descriptions and interpretations. These 
often are of a different character from those 
which the student meets in the solution of 
classroom problems in engineering and yet 
an appreciation of them is an essential part 
of an engineer's education. 

(3) He has learned that there are under- 
lying, unifying principles that can be rigor- 
ously expressed in mathematical terms and 
which are very general in their application. 
He has found these to be powerful tools 
in the expression and solution of important 
problems in nature. Examples of such prin- 
ciples are the laws of the conservation of 
energy and momentum which he teaches to 
his students with emphasis on where they 
apply and on their limitations. 

(4) He knows that to appreciate fully the 
physics of today the student must know 
something of the historical development of 
underlying ideas, of the struggles of the past 
and the great strides that were taken by a 
few individuals in enunciating these broadly 
applicable unifying principles. We are firm 
in our conviction that all engineering stu- 
dents should know something of the origin 
of the knowledge which they will use so 
continuously. 

(5) The physicist has often pioneered ir 
the development of precise methods of meas- 
ment. This he has done to understand na- 
ture better and to place his concepts on as 
firm a base as possible. Thus he, more than 
other men, has been interested in determin- 
ing the fundamental constants of nature with 
the highest possible precision. 
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(6) The physicist believes that through 
a proper understanding of the laws of na- 
ture, people can arrive at more objective 
judgments and, it is hoped, keep free of 
many of the popular fears and superstitions 
involving science itself today. The history 
of physics has given ample proof that this 
can be done and certainly should be one of 
the objectives of a physics course. 

(7) Lastly, a precise understanding of 
the basic concepts of physics is perhaps the 
best guarantee that the presently trained 
engineer will be able to contribute to the 
technology of tomorrow and herein lies one 
of the most important contributions the 
physics teacher can make in engineering 
education. 


Only a partial achievement of the 
above goals can be expected in any sin- 
gle physics course under the best teacher. 
Certainly, a one-year course in general 
physics from a modern viewpoint, utiliz- 
ing calculus as an essential aid, is hardly 
adequate. The trend away from too 
great a dependence upon the practical 
arts and toward the sciences in engineer- 
ing practice makes it highly desirable 


V. Recommendations—a Program 


In recommending a program aimed at 
more effective physics teaching in engi- 
neering education, the Committee recog- 
nizes that primary effort must occur at 
the local level and stem from within the 
colleges themselves. It is incumbent 
upon physicists to recognize the chang- 
ing character and needs of engineering. 
The predominant reliance upon art is 
giving way to a modern technology 
based squarely upon the physical sci- 
ences, and this is reflected in the grow- 
ing demands of the engineering profes- 
sion for both a deeper understanding of 
fundamental principles and a broader in- 
troduction into recent advances. Phys- 
icists would do well to view these de- 
mands with sympathy and understanding 
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to consider a two-year general physics 
course for all engineers. To teach prop- 
erly the principles discussed above, the 
content of the general physics course 


-must be carefully screened to eliminate 


much of the material of an engineering 
or applied nature. Furthermore, to 
achieve an understanding of and a feel- 
ing for the way nature behaves, a chal- 
lenging set of laboratory experiments 
should accompany this general physics 
course. Routine “cook-book” experiments 
should be kept to a minimum. 

We also recognize that one of the 
goals of physics instruction should be an 
introduction to the basic principles un- 
derlying atomic and nuclear physics and 
the solid state. The one- or preferably 
two-year general course must be re- 
garded only as a preparation for intro- 
ductory modern physics courses which 
may be given at the junior-senior level. 
A thorough understanding of nuclear 
and solid-state physics is achieved only 
through years of intensive study at the 
graduate level. 


for Achieving the Goals Set 


and to accept them as a challenge to 
wider influence rather than as an inva- 
sion of vested interests. 

It is no less important that the engi- 
neering profession and, indeed, physicists 
themselves take account of the evolving 
character of physics. The obvious and 
enormous increase in subject matter of 
modern physics is in our judgment -not 
the most significant factor relating to the 
aim of the physics instruction in the edu- 
cation of engineers. On the contrary, we 
believe the cardinal aim to be that of 
imparting to the student a point of view, 
an attitude of mind, and a capacity to 
deal with the principles and methods of 
analysis of contemporary physics, for 
without training and experience in these 
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modes of thought, neither physicist nor 
engineer will prove competent to deal 
with the emerging problems of science 
and technology. 

In the light of these comments we 
make specific recommendations under 
the several headings listed below: 


1. Improved Communication 


In each local institution members of 
the departments of physics and engineer- 
ing should meet frequently together for 
free discussion in order that they may 
come to understand and appreciate more 
clearly their common interests and mu- 
tual needs. In some of the leading engi- 
neering schools it has been demonstrated 
that the contribution of physics, together 
with chemistry and mathematics, to the 
education of the engineering student can 
be greatly enhanced when the student 
clearly sees for himself that subsequent 
engineering courses draw upon the basic 
principles of the sciences and make use 
of the power of analysis developed from 
the point of view of the physicist. In 
these cases there is very little trouble 
with the problem of motivation. On the 
other hand, it is deadly from the stand- 
point of a student’s motivation and mo- 
rale if the engineering teacher assumes 
“a priori” that he must completely re- 
teach his subject from the beginning 
even though it has been covered to a 
certain point in the basic sciences. It 
is urged, therefore, that teachers of engi- 
neering, wherever possible, provide an 
opportunity in their courses for the stu- 
dents to deal with engineering situations 
as best they can, using the understanding 
and methods obtained from the basic sci- 
ences. This cannot be done unless there 
is free exchange of information and views 
between the teachers of basic science 
and engineering; consequently, this con- 
stitutes one of many reasons why it be- 
comes imperative to cultivate this close 
association. 
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2. Early Contact with Physics 


We attach the utmost importance to 
instilling the point of view expressed 
earlier with respect to basic principles 
and to the mastery of methods of ap- 
proach, and it is for this reason rather 
than any question of course content that 
we urge strongly that engineering stu- 
dents at an early point in their under- 
graduate careers be brought into an as- 
sociation with those who have made 
physics their life work. 


3. Research-Minded Teachers for 
Undergraduates 


Traditionally the home of research in 
the physical sciences has been the sci- 
ence departments of our colleges and 
universities. Much of the research that 
has led to the changing concepts and ex- 
panding scope of physics has been the 
work of members of the staff of such de- 
partments. Their research is essential 
to the continuing advance of science. 
The challenge of research promotes con- 
tinuing vitality in those who engage in it 
and thus contributes to the development 
of science. 

In recent years, however, there has 
been a growing tendency among some 
staff members engaged in research to 
neglect a basic responsibility which they 
share with the other members of their 
department, namely, the teaching of un- 
dergraduate students. This leads, we 
believe, to several undesirable effects. 

Firstly, the high degree of motivation 
and inspiration which the successful re- 
search man can give is denied the under- 
graduate student. 

Secondly, the undergraduate student 
is not provided with the high level of 
instruction which the research-minded 
professor is capable of giving. 

Finally, such a professor, no longer 
required to refresh his understanding 
of the broad developments in physics, 
may tend to become increasingly narrow 
in his point of view. 
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In view of these facts we urge that 
consideration be given this problem to 
the end that all members of the staff, 
including those engaged in research, be 


encouraged to give instruction in physics | 


to the undergraduate student. We firmly 
believe that in this way not only will the 
department provide the highest type of 
instruction in physics, but also the de- 
partment will maintain its highest pro- 
ficiency in research. 


4. Laboratory Instruction 


Since the fundamental laws and prin- 
ciples of physics provide the means of 
understanding many basic phenomena of 
nature, it is important that the student 
of science and engineering become ac- 
quainted first-hand with these basic phe- 
nomena in the laboratory and by means 
of well-chosen demonstration lectures. 
It is in the laboratory that the student 
comes into actual contact with phenom- 
ena in a basic way and, indeed, has 
the closest association with his teacher. 
Consequently, it is here that the teacher 
is presented with a great opportunity to 
aid the student in obtaining a clear and 
realistic understanding of basic physical 
principles. This opportunity should not 
be wasted by requiring the student to do 
unchallenging, stereotyped, and superfi- 
cial experiments. “Efficient” operation 
in the sense of obtaining maximum data 
from standardized equipment should not 
be the goal of laboratory instruction. 
Rather, great effort should be expended 
to provide a type of laboratory instruc- 
tion which will lead the student partially 
to discover a particular law or principle 
by his own efforts. This presents a chal- 
lenge and allows the student to con- 
tribute to his own learning process. A 
law or principle arrived at in this way 
will not easily be forgotten and the more 
able student will appreciate its deeper 
significance. In this way the laboratory 
experience can contribute most forcefully 
to the student’s assimilation of basic 
physical principles. It is, therefore, 
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recommended that teachers of physics 
continue to give serious thought to the 
improvement of laboratory instruction in 
basic physics. In a few schools very 
significant results have already been 
achieved. 


5. Textbook for General Physics 


Since the educational arrangement of 
one teacher for each student which many 
consider ideal is rarely feasible, and since 
students cannot usually be trusted to take 
adequate notes on lectures, no matter 
how carefully delivered, the textbook 
will long continue to be the primary 
medium in the education of students, 
particularly in a science like physics, 
which demands close and repeated study. 

Examination discloses that though the 
number of general physics texts available 
for students of engineering is relatively 
large, some of them tend to be marred 
by numerous shortcomings which un- 


doubtedly lower the efficiency of the — 


educational process. Among these are 


the following: 


(1) There is a tendency to put too much 
stress on facts and too little on fundamental 
ideas, principles, and methods. Some text- 
books pay too little attention to the method- 
ology of physics and hence give the student 
little idea of the manner in which physics 
progresses or even of the limits of present 
knowledge. 

(2) As a corollary to (1), some texts pro- 
vide too little encouragement for the student 
to reason things out for himself and to test 
his understanding of principles and methods. 
There are, in general, too many problems 
of the simplest substitutional variety that 
may be used by teachers to the exclusion of 
the more thoughtful items. 

(3) There is often too little care and 
imagination in the selection of material from 
the standpoint of fundamental significance 
and hence the books tend to be far too long 
and encyclopedic in character. Moreover, 
they appear to be growing longer. Books 
of 800-900 pages seem too long for the 
general physics course unless the assign- 
ments by the teacher are very skillfully made 
to eliminate certain sections. 
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(4) In too many cases recent develop- 
ments in physics are tacked on at the end 
instead of being thoroughly integrated into 
the general development. In_ particular 
there is frequently little consideration of 
the fundamental role of the theory of rela- 
tivity and quantum theory in the evolution 
of classical physical ideas. 

(5) The mathematical methods used in 
texts often underestimate the intellectual 
capacity and interest of the student. Ele- 
mentary differential and integral calculus, 
vector analysis, and modern mathematical 
concepts should be used whenever they aid 
in the concise rigorous formulation of prin- 
ciples or problems; thus the student will 
become accustomed to such methods and 
gain confidence in their use. 


It is very likely that no single physics 
text will satisfy all teachers or any one 
teacher for all time. The fact that a few 
of the existing texts have been adopted 
by a large number of teachers gives evi- 
dence of the high regard with which 
these texts are held. Nevertheless, some 
members of the Committee are still seek- 
ing the “perfect” text that would be free 
from the objections listed above. The 
text for general physics that they visual- 
ize would be considerably shorter than 
most existing texts. It would preferably 
be written by a teacher who has a strong 
research interest, or by a group of such 
persons; but if by one person, he should 
be one who has thought a good deal 
about the methodology of physics and is 
willing to develop the subject in uncon- 
ventional fashion. Such texts in special 
fields are now actually being written at 
one large institution. 


6. Mathematics in General Physics 
Teaching 


Since mathematics in the form of the 
calculus is the natural language of phys- 
ics, it is desirable that the student should 
get acquainted with it early in his college 
career and that the general physics text 
should use it freely. In many institutions 
an introduction to the calculus is given 
simultaneously with general physics. In 
others, beginning physics is delayed so 
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may be noted that the one-year sophomore 
that preliminary work in calculus may 
precede the first semester of physics. It 
is obviously very important that the 
physics teacher should continually stress 
the use of mathematics in expressing the 
ideas of physics. At the same time it is 
essential that he emphasize the physical 
meaning of all results obtained by math- 
ematical analysis so that the student will 
not get the mistaken idea that physics is 
merely a collection of mathematical sym- 
bols. 

The above recommendation in many 
instances raises problems in the teaching 
of elementary college mathematics. The 
mathematics teacher quite reasonably de- 
sires to develop in his students an under- 
standing of mathematics and its meaning 
as a form of human activity and looks 
with justifiable suspicion on the teaching 
of mere manipulation. The physics 
teacher, therefore, has the responsibility 
to effect a gradual transition from mathe- 
matical philosophy as taught in the math- 
ematics department to the use of mathe- 
matics as a tool as required in physics, 
just as the engineering teacher has the 
responsibility to effect a similar transition 
from physics as a basic science to the 
use of the principles of physics in solving 
engineering problems. To provide these 
transitions in a sympathetic and effective 
manner requires the utmost cooperation 
between the mathematicians, physicists, 
and engineers. 


7. Encouragement of Experimentation 


An impartial appraisal of the quality 
of instruction in American colleges and 
universities in both the sciences and en- 
gineering will reveal a distressing amount 
of teaching of a completely pedestrian 
sort. The prevalence of such mediocre 
efforts should not, however, conceal the 
fact that there are also many gifted and 
effective teachers and that interesting 
and rewarding experiments for the im- 
provement of laboratory and classroom 
instruction are taking place in many in- 
stitutions. It is our impression that a 
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wider knowledge of such experiments 
and innovations would encourage similar 
efforts and that an exchange of views 
would be beneficial to all concerned. 


Consequently, we urge that the appro- . 


priate journals of the American Institute 
of Physics and also the JourNaL oF EN- 
GINEERING EpucaTIon take steps to give 
wider publicity to experimentation in 
teaching, to “case histories” of new ap- 
proaches to laboratory instruction, and 
to similar endeavors. 

The various conferences encouraged 
and supported in recent months by the 
National Science Foundation for the dis- 
cussion of such topics as mechanics, 
thermodynamics, electrodynamics, solid 
state, and nuclear physics in engineerin, 
education have served a highly useful 
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purpose by affording opportunities for 
the exchange of views among leaders of 
specialized fields. We believe that the 
organization of similar conferences from 
time to time in the future will be profit- 
able to both engineers and physicists. 
Recent meetings of the AAPT and of 
the Physics Division of the ASEE have 
had sessions devoted entirely to the teach- 
ing of general physics to engineers. We 
urge that meetings of this kind be con- 
tinued and that whenever possible fur- 
ther joint meetings be held. Such meet- 
ings, by bringing together researchers 
and teachers, physicists, and engineers to 
share their experiences, their faiths and 
their hopes, will do much to stimulate 
further interest and understanding of the 
role of physics in engineering education. 


Summary of Information Obtained from Questionnaires 


As stated previously, early this year 
there were sent to the physics depart- 
ments of some 180 colleges, offering pro- 
grams in engineering, questionnaires con- 
cerning the physics courses taken by the 
engineering students. To date replies 
have been received from about 120 col- 
leges and the following summarizes the 
answers to questions on the general 
courses, the advanced courses, emphasis 
on research in classical physics, and 
changes in courses now being planned. 


A. General Physics Course 


Physics instruction to engineering stu- 
dents is limited to the general physics 
course only, in 46 per cent of the col- 
leges. This course is required by almost 
all engineering schools as an integral part 
of the curriculum. Data derived from 
the questionnaires in regard to some 


details of the General Courses are given 
in the paragraphs below. 


1. The number of semester hours and the 
distribution of time devoted to lecture, rec- 
itation, and laboratory vary with the school. 


2 

2 

Ss 
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FIGURE 1 


Figure 1 shows graphically the number of 
semester hours devoted to general physics 
as related to the number of colleges. It 
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may be noted that the one-year sophomore 
physics course of 10 semester hours is most 
popular. In many schools a two-year gen- 
eral course requiring up to 20 semester hours 
is taken by all or most engineers. 

2. Prerequisites for the general physics 
course for engineers. Figure 2 shows graph- 


Calculus as 
Tgonometty a Co-requis 
and Algebra 


Prerequisites 


FIGURE 2 


ically that calculus is usually required as a 
co-requisite for this course and that at least 
algebra and trigonometry are required pre- 
requisites in almost all instances. 

3. Percentage of time in general physics 
devoted to “modern physics.” Figure 3 


Per Cent Of Colleges 


FIGURE 3 


shows roughly the stated amounts of “mod- 
em physics” included in the general course. 
Although contemporary physics is concerned 
with fluid dynamics, thermodynamics, micro- 
waves, and many other modern topics, the 
term “modern” as used here refers to atomic, 
nuclear, and solid-state physics. It is, of 
course, difficult to define just what is mod- 
ern and just what is classical so that the an- 
swers can be considered only as qualitative 
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judgments. The answers given range from 
very little in a few instances to more than 
30 per cent at Princeton University. In 
most cases this treatment of modern topics 
is distributed throughout the course but in 
about one-third of the colleges it is concen- 
trated, usually, at the end of the course. 

4. Texts used in general physics. Five 
texts predominate and are used by 75 per 
cent of the colleges. Some fifteen different 
texts are used by the remaining quarter of 
the colleges, many in only one college each. 


B. Advanced Courses 


In more than 50 per cent of the col- 
leges reporting, additional physics is 
taken by some of the engineering stu- 
dents, usually as an elective. The most 
common additional course is one in mod- 
erm or atomic physics which is taken in 
about 35 per cent of the colleges. As 
many as 325 engineering students take 
this course at Pennsylvania State Uni- 
versity. The average engineering regis- 
tration in advanced courses is about 30 
students. Three or four different texts 
are popular, but a dozen others are used 
in one or more schools. 


C. Research Interest in Classical 
Physics 


There has been much discussion of the 
present-day interest of physicists in re- 
search on problems in classical physics in 
comparison with the widely publicized 
research in “modern” physics. Actually 
this comparison has no direct relation to 
the teaching effectiveness in general 
physics since the same critical under- 
standing of fundamental concepts re- 
quired in classical physics is basic to 
competent research in “modern” physics 
as well. Furthermore, the same point 
of view and attitude of mind so impor- 
tant to good physics teaching is present 
no matter in what particular branch of 
physics a man’s research is being done. 
Unfortunately, there are no simple means 
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by which research can be reliably meas- 
ured so that, although a question on this 
matter was included, the reader must 
recognize the limited reliability of such 


a survey. The replies indicated that 58 - 


per cent of the colleges, all of which offer 
engineering education, reported research 
completed recently or in progress by 
their physics departments in mechanics, 
acoustics, heat or thermodynamics, elec- 
tricity and magnetism, or optics. These 
research projects are divided as follows: 


TABLE I 
Numberof Number of 
Research Published 
Field Projects Papers 

Mechanics 32 24 
Acoustics 23 14 
Heat and Thermodynamics 30 23 
Electricity and Magnetism 41 
Optics 40 34 
Totals 166 127 
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TABLE II 


Projects 
17 colleges report research in one 
classical field only 17 
14 colleges report research intwo fields 28 
15 colleges report research in three fields 45 
14 colleges report research in four fields 56 
4 colleges report research in five fields 20 


64 Total 166 


D. Changes in Physics Courses 


About one-half of the physics depart- 
ments specifically state that changes are 
being considered or planned. The most 
common change is the inclusion of more 
atomic, nuclear, and solid-state physics in 
the general physics course, frequently in 
the time provided by a reduction of engi- 
neering examples or application. About 
10 per cent of the colleges are adding 
a course in modern physics, including 
atomic, nuclear, and solid-state physics, 
as a junior-senior elective for engineers. . 


SECONDARY SCHOOL COURSE 


The Oak Ridge Institute of Nuclear Studies, Oak Ridge, Ten- 
nessee, has announced a new program to assist secondary schools 
in science teaching. Sponsored jointly by the National Science 
Foundation and the United States Atomic Energy Commission, the 
program will enable a selected group of high-school teachers to 
attend a three-month course at Oak Ridge. The group will then 
spend nine months traveling and giving lecture-demonstrations for 
science classes at high schools throughout the country. The results 
of this experiment will be used by the NSF to plan and support 
future programs aimed at increasing the number of young people 


choosing careers in science and engineering. 
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Members have requested that the application blank be reproduced more 
often, so that it could be available for potential new members. Accordingly, 
it is printed below. 


APPLICATION FOR MEMBERSHIP 


I desire to become a member of the American Society for Engineering Edu- 
cation and hereby agree to conform to the requirements of membership, if 
elected, and submit the following statement of qualifications: 


Name 


; Print last name First Middle 


Mailing address 


City and State 


Full title of 
professional position 

Title Department 
Institution Date of Birth 


Degrees and names of institutions granting 


Sponsors 


To be signed by two sponsors, members of ASEE, and returned to 
W. L. Collins, Secretary, ASEE, University of Illinois, 
Urbana, II. 
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Crystal structure models. Top row, left to right: cuprite, zincblende, rutile, perovskite, 
tridymite. Second row: cristobalite, potassium dihydrogen phosphate, diamond, pyrites, 
arsenic. Third row: caesium chloride, sodium chloride, wurtzite, copper, niccolite. Fourth 
row: spinel, graphite, beryllium, carbon dioxide, alpha-quartz. 


FROM ATOMS 


Research at Bell Telephone Labora- 
torics ranges from the ultimate struc- 
ture of solids to the radio signals from 
outer space. Radio interference re- 
scarch created the new science of radio 
astronomy; research in solids produced 
the transistorand the Bell Solar Battery. 


Between atoms and stars lie great 
areas of effort and achievement in 
physics, electronics, metallurgy, chem- 
istry and biology. Mechanical engineers 
visualize and design new devices. 
Mathematicians plan new techniques. 


Despite the diversity of their talents, 
Bell Laboratories scientists and engi- 
necrs have much in common. A habit 
of teamwork channels these talents 
into great communications advances. 


BELL TELEPHONE LABORATORIES 


World center of communications research. Largest industrial laboratory in the United States. 


TO STARS 


These men have developed the 
world’s finest telephone system. In do- 
ing so, many have become leaders in 
their fields. Opportunities await 
properly qualified scientists and engi- 
neers at Bell Telephone Laboratories. 


Directional antenna used by Karl G. Jansky 
in discovery of stellar radio signals at Bell 
Telephone Laboratories in 1932. 
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Talk to the Man With the Facts 
about Careers at Westinghouse 


You'll soon have to make that crucial decision . . . where 
to start your career. But, before you decide, be sure to 
talk with the Westinghouse Man With The Facts. 


Ask him about career opportunities at Westinghouse .. . 
the million-dollar Educational Center with its complete 
training program ... how you can select the career you 
prefer . . . Master’s and Ph.D. degrees at Company cost 
. . . Chances for fast advancement. He can tell you... 
he has the facts. 


You'll want to know, too, about the big Westinghouse ex- 
pansion program, and how it offers you exciting oppor- 
tunities for growth. And, about interesting and rewarding 
work in such promising new fields as atomic power... 
semiconductors . . . automation. 


A frank talk with him will help you make a sound deci- 
sion. So have your Placement Officer make a date for you. 
In the meantime, send for the two fact-packed booklets 
listed below. 


Send for FREE BOOKLETS. Write 
for these two booklets: Continued 


you CAN BE SURE...1F ITS Education in Westinghouse (describ- 


ing our Graduate Study Program) 


poration, Educational Department, 
Ardmore Boulevard at Brinton 
Road, Pittsburgh 21, Pennsylvania. 
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Boeing 


xiii 


offers 


long-range 


engineering careers 


Scores of Boeing engineers today are 
enjoying intriguing and rewarding 
careers because sound advice 
given them 10, 15 or 20 years ago by 
their college professors and place- 
ment officers. 


Today your students will find in 
aviation—and Boeing —still greater 
opportunity and growth potential. 

Boeing today employs more engi- 
neers than at the peak of World War 
II. One out of each seven employees 
is an engineer! And stability has long 
marked an engineering career here. 
Forty-six per cent of Boeing engineers 
have been with the company for more 
than five years; 25% for more than 
10 years; 6% more than 15 years. 
There are a number with 20, 25 and 
even 30 years’ service. 


What kind of work does Boeing 
offer? Opportunity lies in three basic 
areas: Research, Design and Produc- 
tion. Programs include multi-jet 
bombers, America’s first jet transport, 
the Bomarc pilotless aircraft guided 
missile system; application of nuclear 
power and supersonic flight. 


Boeing is continually seeking en- 
gineers of ability—electrical, civil, 
mechanical, aeronautical and related 
fields, as well as physicists and mathe- 
maticians with advanced degrees. 


Engineers are encouraged to take 
daytime graduate studies during 
working hours and are reimbursed 
for all tuition expenses. May we send 
you—or any of your students—ad- 
ditional information about engineer- 
ing careers at Boeing? Just write: 


JOHN C. SANDERS, Staff Engineer — Personnel, 
Boeing Airplane Company, Seattle 14, Wash. 
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In a career, just as in 
any journey, knowing 
when to make the right 
turn is of utmost importance. 
With 150 years of industrial 
leadership and achievement 
behind it and with a continued 
potential of stability and 
expansion ahead, the uniquely 
integrated du Pont Engineering 
Department offers your 
graduates excellent opportunities 
for individual growth 

and technical advancemient. 


Consider seriously these 
vital factors and you will 
recognize the wisdom of 
recommending a turn in the 
direction of du Pont. 


STABILITY —73 plants and 
32 laboratories in 26 states; 
DIVERSITY—1200 du Pont products 
serve industry and the consumer; 
CHALLENGE—association with 
restless pioneering minds—vast 
research programs that have 
developed miracles like nylon, 
“Orlon’’ acrylic fiber, ‘‘Dacron”’ 
polyester fiber, neoprene 

chemical rubber, plastics ; 

ADVANCEMENT—a living du Pont 
: tradition that has seen engineers 
attain the majority of top executive 
positions in the company ; 
SECURITY—a company benefits 

4 program, unique in industry for 
its comprehensive coverage. 


Further information about rewarding careers in du Pont 
may be obtained from our visiting campus representatives 


or from J. B. Moulton 


E.1.duPont de Nemours & Co., Inc. 


Engineering Department 
Wilmington 98, Delaware 
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TEXT FOR ENGINEERING PHYSICS 
and MATHEMATICS COURSES 

———— COLLEGE PHYSICS 

by FRANCIS WESTON SEARS, Massachusetts Institute of Technology, 


and MARK W. ZEMANSKY, City College of New York 
912 pp, 727 illus, 2nd ed, 2nd ptg 1953 — $8.50 


———— UNIVERSITY PHYSICS 
by SEARS and ZEMANSKY 
915 pp, 818 illus, 2nd ed, 2nd ptg 1955 — $9.50 


———— MECHANICS, HEAT AND SOUND 
by SEARS 527 pp, 492 illus, 2nd ed, 3rd ptg 1953 — $8.50 


—— ELECTRICITY AND MAGNETISM 
by SEARS 434 pp, 318 illus, 1st ed, 7th ptg 1953 — $8.50 


OPTICS 
by SEARS 369 pp, 286 illus, 3rd ed, 3rd ptg, 1949 — $8.50 


——— NUCLEAR PHYSICS 
by IRVING KAPLAN, Brookhaven National Laborator 
609 pp, 186 illus, 1st ed, 2nd ptg 1956 — $8.50 


—— CALCULUS AND ANALYTIC GEOMETRY 
by GEORGE B. THOMAS, JR., Massachusetts Institute of Technology 
731 pp, 418 illus, 2nd ed, 3rd ptg 1955 — $8.50 


———— ELEMENTARY DIFFERENTIAL EQUATIONS 
by WILLIAM TED MARTIN and ERIC REISSNER, 
Massachusetts Institute of Technology 
260 pp, 18 illus, 1956 — $5.50 


———— ADVANCED CALCULUS 
by WILFRED KAPLAN, University of Michigan 
679 pp, 241 élus, 1st ed, 2nd ptg 1953 — $9.00 


————— THEORY OF MATRICES 
by SAM PERLIS, Purdue University 
237 pp, 5 #lus, 1952 — $6.50 


EXAMINATION COPIES AVAILABLE TO 
MEMBERS OF COLLEGE TEACHING STAFFS 


ve ADDISON-WESLEY PUBLISHING COMPANY, INC., Cambridge 42, Massachusetts 
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A COMPLETE 
PRINTING 
SERVICE ... 


Goop PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For seventy-five years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS + BINDERS + ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 
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New Texts in Electrical Engineering 


INTRODUCTION TO 


ELECTRICAL ENGINEERING 
By WALTER LA PIERRE, Columbia University 


An important text for the basic course in electrical engi- 
neering usually required of juniors or seniors majoring 
in other branches of engineering. The aim is to give 
students a working knowledge of electric circuits and 
transducers highlighted against a background of general 
knowledge of this electrical age. The text covers funda- 
mental principles, production, distribution, and_ utiliza- 
tion of electric energy. Many numerical examples and 
ample problems are provided. 339 pages. $5.25. 


ALTERNATING-CURRENT 
CIRCUIT THEORY 


Second Edition 
By MYRIL B. REED, Michigan State University 


A successful and widely-used text for the junior-level 
course in a-c circuits in the electrical engineering cur- 
riculum, now carefully revised to meet the increased 
complexity and precision developed in this field in recent 
years resulting from the addition of television and com- 
puters to the apparatus in common use in electrical 
engineering. 589 pages. $6.50. 


PRINCIPLES OF ELECTRIC 


AND MAGNETIC FIELDS 
Second Edition 
By WARREN B. BOAST, Jowa State College 


A new edition of a standard text for the second half of 
an intensive first course for electrical engineering majors, 
the first half being devoted to circuits. The treatment 
has been improved at many points, all material is brought 
up to date, and there is a new final chapter on Maxwell’s 
field equations. April. Probable Price $5.50. 


HARPER & BROTHERS PUBLISHERS 
49 East 33d Street New York 16, New York 
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ANNOUNCING 


ELECTRONICS 
ABSTRACTS 


The electronics industry’s first complete compilation of every avail- 
able published abstract covering electronics articles appearing in 
periodicals published throughout the world during 1955. 


This valuable, carefully-compiled Reference work contains well over 
7,500 separate abstracts of individual electronics articles published 
in almost 200 different magazines in 23 countries including those in 
the Soviet sphere. 


Over 500 pages printed on aeeuesing enamel stock, a sturdy, 
handsome cover and professionally indexed for ease of use. 


Pablication date: March 15th, 1956 
Price: $25.00 per copy 
Limited printing. Checks must accompany all orders. No 


cash or quantity discounts of any kind. Send all checks 
and orders to: 


ELECTRONICS ABSTRACTS 
56 East Walton Place 
Chicago II, Illinois 
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Ronald Locks 
ELEMENTARY ELECTRIC-CIRCUIT THEORY 


Richard H. Frazier, Massachusetts Institute of Technology 


This teachable volume offers complete, elementary exposition of 
electric-circuit theory with applications to electric power, communica- 
tions, and electronics. It covers clearly and concisely the steady and 
transient states in direct and alternating current circuits having linear 
parameters. Amply supplied with references to: historical sources that 
show the origins of the various laws, principles, and theorems; and 
current literature dealing with subjects that may be studied collaterally. 

277 ills., tables; 434 pp. 


FUNDAMENTALS of ELECTRICAL ENGINEERING 


Ralph A. Galbraith and David W. Spence, 
both Syracuse University 


Stresses fundamentals in terms of scientific principles rather than i] 
direct experimental observations. Covers principles of electron theory 
of matter, electric energy sources, d-c circuit action, conductors, static 
and quasi-static magnetic fields and circuits, etc. Develops laws with | 
information on range of frequencies and apparatus dimensions in which 

static relations can be applied. 


“Carries out admirably the authors’ stated purpose of presenting the 
principles of electrical engineering on a firm scientific base.” E. W. Starr, 
Cooper Union. . 281 ills., tables; 425 pp. 


ELECTRIC POWER TRANSMISSION 


John Zaborszky, Washington University; and 
Joseph W.,Rittenhouse, University of Missouri 


An authoritative survey of the power system and transmission lines in 
the steady state, with methods for studying such operations. Enriched 
throughout with discussions of recent technological advances, the book 
uses numerical examples extensively to provide better insight into the 
workings of a power system. Incorporates original research. 


“The most thorough and complete work published in this country on the 
steady state performance of transmission lines.” ward Erdelyi, 
Syracuse University. 344 ills., tables; 676 pp. 


GAS TURBINES for AIRCRAFT 


Ivan H. Driggs, U. S.JNaval Air Development Center; 


Otis E. Lancaster, Assistant Director, Research Division, 
Bureau of Aeronautics, Department of the Navy 


Detailed treatment of fundamental principles of thermodynamics and 
flow phenomena and variations in power-plant characteristics which 
ee affected by changes in design parameters. Covers engine cycle 
analysis and gas flow through channels and ducts. Includes ine 
of method for obtaining complete performance of a gas turbine, starting 
with tested parameters of components. 


“All in all, I think it is an excellent textbook for aircrafi engineers.” 
F. L. Schwartz, University of Michigan. 223 ills., tables; 349 pp. 


THE RONALD PRESS COMPANY @ 15 E. 26th St. N.Y. 10 
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The LEADER in its field— 
in a new THIRD EDITION 


STRENGTH OF MATERIALS 


by STEPHEN TIMOSHENKO, Stanford University 


Recognized as the outstanding text on strength of materials, 
Timoshenko’s STRENGTH OF MATERIALS is now available in 
a thoroughly revised Third Edition. 


PART Il: 
ADVANCED THEORY 
AND PROBLEMS 


Part II of this standard work features a completely 
rewritten chapter on Mechanical Properties of Materials. 
Almost doubled in size, this chapter is virtually a textbook 
in itself. Professor Timoshenko’s familiarity with the ex- 
perimental work and literature of several countries, includ- 
ing the United States, Russia and Germany, puts him in a 
unique position to write on this subject. 

The chapter includes such topics as the behavior of both 
brittle and ductile materials, the behavior of individual 
crystals in a metal, the phenomenon of yielding, fractures 
of materials, tension and compression tests, tests under 
combined stresses, strength theories, impact tests, and 
fatigue of metals. Fatigue under combined stresses is also 
considered, as well as the causes of fatigue and how to reduce 
fatigue effects. Creep is discussed at length, including 
creep under combined stresses. The chapter concludes 
with a discussion of how the engineer should select working 
stresses. 

Many other important additions have been made 
throughout the text. Ready this month 


PART I: 
ELEMENTARY THEORY 
AND PROBLEMS 


In preparing the Third Edition of this widely used and 
widely adopted work (published in 1955), Professor Timo- 
shenko has simplified derivations as much as possible. 
Students with the usual preparation in mathematics can 
read and understand the topics without undue difficulty. 
New chapters have been added on Bending of Beams in a 
Plane Which Is Not a Plane of Symmetry and Curved Bars. 
New material is incorporated throughout the book. 

442 pages $6.00 


D. VAN NOSTRAND COMPANY, INC. 


120 Alexander Street Princeton, New Jersey 
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SURVEYING: 
An Introduction to Engineering Measurements 
By ADRIAN R. LEGAULT, HOWARD M. McMASTER, 


and RALPH R. MARLETTE, Department of Civil Engi- 
neering, University of Nebraska 


Logically divided into three 
parts this new text covers: The 
Engineer and Surveying, Meas- 
urements, and Applications. 
Part [—Historical Background 
and brief descriptions of the 
basic types of surveys lead to 
the early coverage of funda- 
mentals of measuring and com- 
putation including error theory. 


In THE PRENTICE-HALL 


Part I1—Basic Operations, in- 
struments and techniques in- 
volved in measuring distance, 
direction and elevation are dis- 
cussed in detail. Field adjust- 
ments of instruments outlined. 
Part and 
stress of the application of the 
basic material covered in Parts 


I and II. 


ENGINEERING AND 


ENGINEERING MECHANICS SERIES, 
Edited by N. M. NEwMARK 


Approz. 440 pages - 


6" 279" . 


To be published 1956 


PROCESS CALCULATIONS 


By KARL KAMMERMEYER and JAMES O. OSBURN, 
Department of Chemical Engineering, University of Iowa 


This book is written primarily 
for the student who studies the 
subject of process or industrial 
calculations for the first time. 
The first three chapters set the 
stage for the discussions of the 
main topics of Chemical Reac- 
tions, Application of Gas Laws, 


Approx. 224 pages - 6’ 


Hall, tne. 


and the Use of Energy Bal- 
ances. Chapter 1 introduces 
the Material Balance, thus pre- 
paring the student to handle a 
considerable variety of prob- 
lems in subsequent chapters. 
Well selected and diversified 
problems follow each chapter. 


March 1956 
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ENGINEERING AS A CAREER In press 


By RALPH J. SMITH 
San Jose College 


An outstanding new text and problem book designed for use in 
freshman engineering orientation courses. Its purpose is not only 
to acquaint beginning students with engineering as a career, but 
to indicate the qualifications, duties, and responsibilities of engi- 
neers, and to define the engineering profession in terms of func- 
tions as well as branches. Unique in such texts is the emphasis on 
the functional classification of engineering into the categories of 
research, development, design, production, construction, operation 
and maintenance, application and sales, industrial and manage- 
ment. The mental and personal qualifications of the student for 
each function are discussed in detail. Sufficient technical material 
is included so that a prospective engineering student can test his 
aptitude for and interest in engineering training. An Instructor’s 
Manual provides a brief chapter by chapter discussion of the text 
to include the objective, scope and content of each section from 
the teacher’s viewpoint, along with complete solutions to the engi- 
neering problems proposed. 


MECHANICS FOR ENGINEERS In press 


By FERDINAND P. BEER and 
E. RUSSELL JOHNSTON, Jr. 
Lehigh University 


A simple but thorough text for the standard courses in Statics and 
Dynamics taught in the second or third college year. The concept 
of free-body diagram is presented early and used throughout. Em- 
phasis is placed on the idea of equivalent force systems which, 
associated with that of free-body diagram, makes it possible for 
an unusually clear and vivid presentation of the fundamental prin- 
ciples of Statics and Dynamics. Mechanics is divided into the 
Mechanics of Particles and the Mechanics of Rigid Bodies. An 
Instructor’s Manual gives complete solutions to all the problems. 


SEND FOR COPIES ON APPROVAL 


McGRAW-HILL BOOK COMPANY, Inc 
330 West 42nd Street New York 36, N. 
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